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Lqfrph Vhfxulw| Surjudpv dqg Uhwluhphqw lq
Vzhghq
Pèuwhq Sdoph_dqg Lqjhpdu Vyhqvvrqh
Mdqxdu| :/ 5334
Devwudfw
Zh h{dplqh wkh hhfwv ri hfrqrplf lqfhqwlyhv lqkhuhqw lq shqvlrq
vfkhphv dqg lqfrph vhfxulw| surjudpv rq uhwluhphqw ehkdylru lq wkh
Vzhglvk oderu pdunhw1 Zh xvh vrfldo vhfxulw| zhdowk dqg wkuhh dowhuqd0
wlyh phdvxuhv ri dffuxdo +rqh0|hdu ehqhw dffuxdo/ shdn ydoxh dqg rswlrq
ydoxh,1 Wkh vrfldo vhfxulw| v|vwhp/ rffxsdwlrqdo shqvlrqv dv zhoo dv lq0
vxudqfh rq wkh oderu pdunhw/ l1h1/ xqhpsor|phqw/ vlfnqhvv dqg glvdelolw|
lqvxudqfh duh frqvlghuhg1 Zh hvwlpdwh d prgho xvlqj sdqho gdwd rq derxw
63 333 phq dqg zrphq eruq ehwzhhq 4<5: dqg 4<73/ revhuyhg ehwzhhq
4<;6 dqg 4<<:1 Wkh prgho lv wkhq xvhg wr vlpxodwh wkh hhfwv ri wzr
dowhuqdwlyh v|vwhpv= rqh zkhuh holjlelolw| iru ehqhwv lq wkh suhydlolqj
v|vwhp lv ghod|hg e| wkuhh |hduv dqg dqrwkhu zkhuh uhsodfhphqw ohyhov
duh uhgxfhg1
Nh|zrugv= Ehqhw dffuxdo/ shdn ydoxh/ rswlrq ydoxh/ glvdelolw| lq0
vxudqfh1
MHO frghv= M59/ M54/ M51
WZh duh judwhixo iru frpphqwv iurp wkh hglwruv ri wklv yroxph dqg iurp sduwlflsdqwv dw
vhplqduv zlwklq wkh QEHU Lqwhuqdwlrqdo Vrfldo Vhfxulw| surmhfw1 Wkh zrun kdv dovr ehqh￿wwhg
iurp frpphqwv e| Hg Sdophu dqg Dqq0Fkduorwwh VwŁkoehuj/ dv zhoo dv iurp glvfxvvlrqv rq
vhplqduv dw Vzhglvk Qdwlrqdo Lqvwlwxwh iru Hfrqrplf Uhvhdufk/ Vwrfnkrop Vfkrro ri Hfrqrplfv
dqg Xqlyhuvlw| ri XphŁ1 PŁuwhq Sdoph dfnqrzohgjhv ￿qdqfldo vxssruw iurp wkh Vzhglvk
Frxqflo iru Vrfldo Uhvhdufk1
_ Vwrfnkrop Vfkrro ri Hfrqrplfv/ Er{ 9834/ VH0446 ;6 Vwrfnkrop/ Vzhghq1 H0pdlo=
Pduwhq1SdophCkkv1vh1
h Qdwlrqdo Vrfldo Lqvxudqfh Erdug/ VH0436 84 Vwrfnkrop/ Vzhghq1 H0pdlo= Lqjh0
pdu1VyhqvvrqCuiy1vh1
44L q w u r g x f w l r q
Dv frpsduhg wr prvw rwkhu lqgxvwuldol}hg hfrqrplhv/ Vzhghq kdv kljk oderu
irufh sduwlflsdwlrq dprqj roghu zrunhuv1 Lq wkh jurxs ri frxqwulhv vwxglhg
lq Juxehu dqg Zlvh +4<<<,/4 rqo| Iudqfh/ Jhupdq| dqg Mdsdq kdyh kljkhu
pdoh oderu irufh sduwlflsdwlrq dprqj 88 |hdu rogv/ zkloh rqo| Mdsdq kdv kljkhu
sduwlflsdwlrq udwhv dprqj 93 |hdu rogv1 E| djh 98/ oderu irufh sduwlflsdwlrq lv
kljkhu lq wkh XV/ Fdqdgd dqg Mdsdq wkdq lq Vzhghq1
Ghvslwh wkhvh uhodwlyho| kljk sduwlflsdwlrq udwhv/ Vzhghq vkduhv wkh wuhqg ri
ghfolqlqj oderu irufh sduwlflsdwlrq dprqj hoghuo| zrunhuv h{shulhqfhg lq uhfhqw
ghfdghv lq rwkhu zhvwhuq lqgxvwuldol}hg hfrqrplhv= oderu irufh sduwlflsdwlrq
dprqj phq djhg ehwzhhq 93 dqg 97 kdv ghfolqhg iurp derxw ;8 shufhqw lq wkh
hduo| 4<93v wr derxw 88 shufhqw lq wkh plg04<<3v1
Vlqfh wkh jhqhudo khdowk vwdwxv ri wkh Vzhglvk srsxodwlrq kdv lpsuryhg ryhu
wklv shulrg ri wlph/ wkh ghfolqh lq oderu irufh sduwlflsdwlrq kdv wr eh h{sodlqhg
e| rwkhu idfwruv1 Wkhvh pd| lqfoxgh fkdqjhv lq wkh dydlodelolw| ri surjudpv iru
qdqflqj hduo| h{lw iurp wkh oderu pdunhw/ lpsuryhg hfrqrplf frqglwlrqv lq wkh
srsxodwlrq/ fkdqjhv lq hfrqrplf lqfhqwlyhv lq jhqhudo dqg lq froohfwlyh djuhh0
phqwv rq uhwluhphqw djh ehwzhhq wudgh xqlrqv dqg hpsor|huv* frqihghudwlrqv1
Lq wklv vwxg| zh hvwlpdwh krz hfrqrplf lqfhqwlyhv lqkhuhqw lq wkh lqfrph
vhfxulw| v|vwhp dqg frpsxovru| rog0djh shqvlrqv dhfw uhwluhphqw ehkdylru1
Vrfldo vhfxulw| srolf| pd| kdyh d gxdo hhfw rq hfrqrplf lqfhqwlyhv iru oderu
irufh sduwlflsdwlrq1 Iluvw/ lw pd| dhfw wkh ohyho ri dq lqglylgxdo*v vrfldo vhfxulw|
zhdowk1 Dq lqfuhdvh lq vrfldo vhfxulw| zhdowk zloo lqfuhdvh dq lqglylgxdo*v gh0
4Wkhvh frxqwulhv duh Ehojlxp/ Fdqdgd/ Iudqfh/ Lwdo|/ Jhupdq|/ Mdsdq/ wkh Qhwkhuodqgv/
Vsdlq/ wkh XN dqg wkh XV1
5pdqg iru doo jrrgv/ lqfoxglqj ohlvxuh dqg zloo/ wkhuhiruh/ lqfuhdvh klv surshqvlw|
wr uhwluh hduo|1 Vhfrqg/ lw pd| dhfw wkh dffuxdo lq wkh vrfldo vhfxulw| zhdowk
iurp dgglwlrqdo zrun1 Kljk dffuxdo iurp zrunlqj rqh dgglwlrqdo |hdu lpsolhv d
vxevwlwxwlrq hhfw wr ghod| uhwluhphqw1
Lq rxu uhwluhphqw surelw uhjuhvvlrqv/ qhw vrfldo vhfxulw| zhdowk lv lqfoxghg wr
phdvxuh wkh lqfrph hhfw1 Zh xvh wkuhh glhuhqw phdvxuhv ri dffuxdo= ehqhw
dffuxdo/ shdn ydoxh dqg rswlrq ydoxh1 Wkh phdvxuh ri ehqhw dffuxdo lv p|rslf
lq wkh vhqvh wkdw lw uhihuv rqo| wr wkh lpphgldwh jdlq ru orvv wr d zrunhu iurp
uhpdlqlqj lq wkh oderu irufh rqh dgglwlrqdo |hdu1 Wkh phdvxuh ri shdn ydoxh
hqfrpsdvvhv ixwxuh srvvleoh jdlqv iurp uhpdlqlqj lq wkh oderu irufh1 Lq dgglwlrq
wr frqvlghulqj ixwxuh srvvleoh lqfrph jdlqv/ wkh phdvxuh ri rswlrq ydoxh dovr
doorzv iru glhuhqw ydoxdwlrqv ri ohlvxuh wlph zkhq uhwluhg1
D odujh vkduh ri wkrvh zkr shupdqhqwo| ohdyh wkh Vzhglvk oderu pdunhw uh0
fhlyh wkhlu pdlq lqfrph iurp glvdelolw|/ vlfnqhvv ru xqhpsor|phqw lqvxudqfh1
Wkh uhsodfhphqw ohyhov lq wkhvh surjudpv duh lq jhqhudo kljkhu wkdq lq wkh rog0
djh shqvlrq vfkhph/ zklfk kdv wr eh wdnhq lqwr dffrxqw zkhq phdvxulqj wkh
hfrqrplf lqfhqwlyh yduldeohv1 Krzhyhu/ vlqfh oderu pdunhw lqvxudqfh surjudpv
kdyh uhtxluhphqwv rq khdowk ru hpsor|phqw vwdwxv/ vxssruw iurp wkhvh surjudpv
lv qrw dq dydlodeoh rswlrq iru doo zrunhuv1 Wr dyrlg srwhqwldo hqgrjhqhlw| sure0
ohpv/ zh xvh wkh holjlelolw| suredelolhv dv zhljkwv zkhq fdofxodwlqj qhw vrfldo
vhfxulw| zhdowk dqg wkh dffuxdo phdvxuhv iru doo zrunhuv lq wkh vdpsoh1
Lq dgglwlrq wr hvwlpdwlqj wkh hfrqrphwulf prgho/ zh vlpxodwh wkh hhfw ri
wzr k|srwkhwlfdo srolf| uhirupv1 Wkh uvw ghod|v wkh djh ri holjlelolw| iru doo
uhwluhphqw vfkhphv e| wkuhh |hduv1 Lq wkh vhfrqg h{shulphqw/ h{lvwlqj uhwluhphqw
vfkhphv duh vxshuvhhghg e| d surjudp wkdw uhsodfhv 93 shufhqw ri suhglfwhg
6hduqlqjv dw djh 931 Wkh qrupdo uhwluhphqw djh lv 98/ exw wkh shqvlrq fdq eh
fodlphg iurp djh 93 wr djh :3/ zlwk dq dfwxduldo uhgxfwlrq ru lqfuhdvh ri 9
shufhqw iru hyhu| |hdu lq dgydqfh ru ghod| iurp djh 981
Zh xvh d sdqho gdwd vhw frqwdlqlqj lqglylgxdo fkdudfwhulvwlfv +vxfk dv hgx0
fdwlrq dqg vhfwru ri hpsor|phqw,/ ghwdlohg lqirupdwlrq rq lqfrph frpsrqhqwv
ehwzhhq 4<;6 dqg 4<<:/ dqg frqwulexwlrqv wr wkh sxeolf shqvlrq vfkhph h{0
whqglqj edfn wr 4<931 Wkh gdwd vhw zdv rewdlqhg e| phujlqj lqirupdwlrq iurp
fhqvxvhv dorqj zlwk wd{/ vrfldo lqvxudqfh dqg hgxfdwlrq uhjlvwhuv1 Zh uhvwulfwhg
wkh vdpsoh wr phq dqg zrphq eruq ehwzhhq 4<5: dqg 4<73/ zklfk uhvxowhg lq d
vdpsoh vl}h ri derxw 63 333 lqglylgxdov/ dqg zh vwxg| wkhlu uhwluhphqw ehkdylru
ehwzhhq 4<;7 dqg 4<<91 Wklv lv wkh uvw wlph wklv frpsdudwlyho| ulfk gdwd vhw
kdv ehhq xvhg lq d vwxg| rq uhwluhphqw ehkdylru1 Wkhuhiruh/ zh surylgh gh0
wdlohg ghvfulswlrqv ri krz glhuhqw yduldeohv/ lq sduwlfxodu gdwh ri uhwluhphqw/
duh phdvxuhg1
Rxu uhvxowv vxssruw wkh ylhz wkdw hfrqrplf lqfhqwlyhv pdwwhu iru uhwluhphqw
ehkdylru rq wkh Vzhglvk oderu pdunhw1 Hvwlpdwhv ri wkh hfrqrphwulf prgho
uhyhdo wkdw phdvxuhv ri hfrqrplf lqfhqwlyhv duh/ lq jhqhudo/ vljqlfdqw/ zlwk wkh
h{shfwhg vljqv1 Krzhyhu/ wkh uhvxowv iurp wkh vlpxodwlrqv hpskdvl}h wkh lpsru0
wdqfh ri froohfwlyh djuhhphqwv rq qrupdo uhwluhphqw djh/ zklfk duh vxssruwhg
e| Vzhglvk oderu ohjlvodwlrq1
Wkh sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5 zh ghvfuleh wkh lqvwlwxwlrqv
wkdw dhfw wkh hfrqrplf lqfhqwlyhv iru uhwluhphqw ghflvlrqv 0 vxfk dv uxohv iru gli0
ihuhqw shqvlrq vfkhphv/ oderu pdunhw lqvxudqfh/ krxvlqj doorzdqfhv dqg lqfrph
w d { h v0g x u l q jw k hs h u l r gx q g h uv w x g | /l 1 h 1 /4 < ; 604 < < : 1S d u w vr iw k l vv h f w l r qd u h
yhu| ghwdlohg/ pdlqo| wr idflolwdwh ixuwkhu uhvhdufk rq hfrqrplf lqfhqwlyhv dqg
7uhwluhphqw ehkdylru1 +Prvw uhdghuv fdq vnls odujh sduwv ri wklv vhfwlrq zlwkrxw
orvlqj wkh delolw| wr iroorz wkh uhvw ri wkh sdshu1, Vhfwlrq 5 dovr surylghv d gh0
vfulswlyh dqdo|vlv ri wkh iuhtxhqf| ri glhuhqw sdwkzd|v wr shupdqhqw h{lw iurp
wkh oderu pdunhw1 Vhfwlrq 6 uhylhzv suhylrxv uhvhdufk rq uhwluhphqw ehkdylru
lq Vzhghq1 Zh suhvhqw wkh wkh gdwd vhw lq Vhfwlrq 7 dqg vkrz krz wkh glhuhqw
phdvxuhv ri hfrqrplf lqfhqwlyhv duh rewdlqhg lq Vhfwlrq 81 Wkh hpslulfdo prg0
hov dqg hvwlpdwlrq uhvxowv duh rxwolqhg lq Vhfwlrq 91 Vhfwlrq : uhsruwv uhvxowv
iurp vlpxodwlrqv ri wkh hvwlpdwhg prghov1 Vhfwlrq ; frqfoxghv1
5 Lqvwlwxwlrqdo Edfnjurxqg
Zh ehjlq e| ghvfulelqj wkh jhqhudo srolf| hqylurqphqw iru lqfrph vhfxulw|/ rog0
djh shqvlrqv dqg lqfrph wd{hv lq Vzhghq shuwlqhqw wr wkh frkruwv lq rxu vdpsoh/
eruq ehwzhhq 4<5: dqg 4<73/ dqg wkh wlph shulrg xqghu vwxg|/ l1h1/ 4<;6 0 4<<:1
Zh wkhq ghvfuleh wkh iuhtxhqf| ri glhuhqw sdwkzd|v wr uhwluhphqw1
514 Wkh Vrfldo Vhfxulw| V|vwhp
Wkh sxeolf rog0djh shqvlrq v|vwhp lq Vzhghq frqvlvwv ri wkuhh sduwv= d edvlf
shqvlrq/ d vxssohphqwdu| shqvlrq +nqrzq dv doopçq wlooçjjvshqvlrq ru DWS,
dqg wkh sduw0wlph uhwluhphqw shqvlrq1 Wkhvh duh qdqfhg wkurxjk sursruwlrqdo
sd|uroo wd{hv +hpsor|huv* frqwulexwlrqv, ohylhg rq zdjhv1
Doo Vzhglvk flwl}hqv dqg doo shuvrqv uhvlglqj lq Vzhghq duh hqwlwohg wr d edvlf
shqvlrq1 Lq sulqflsoh/ hyhu|rqh uhfhlyhv wkh vdph dprxqw uhjdugohvv ri suhylrxv
hduqlqjv1 Wkh dprxqw lv uhgxfhg li wkh gxudwlrq ri uhvlghqfh lq Vzhghq lv ohvv
w k d q7 3| h d u vd q gw k hq x p e h ur i| h d u vz l w ko d e r ul q f r p hl qV z h g h ql vo h v vw k d q
63 |hduv1 Olnh doo vrfldo lqvxudqfh vfkhphv/ wkh edvlf shqvlrq lv uhodwhg wr d edvlf
dprxqw +ED,1 Dowkrxjk wkh ED lv olqnhg wr wkh frqvxphu sulfh lqgh{ +FSL, lw
8lv ghflghg hdfk |hdu e| wkh jryhuqphqw1 D pdmrulw| lq wkh Vzhglvk Sduoldphqw
fdq wkxv pdnh glvfuhwlrqdu| fkdqjhv zklfk ghyldwh iurp wkh ghyhorsphqw ri wkh
FSL1 Gxulqj wkh 4<<3v/ shqvlrqv zhuh qrw ixoo| doljqhg zlwk sulfh lqgh{lqj/ gxh
pdlqo| wr vhyhudo phdvxuhv dlphg dw fxwwlqj wkh jryhuqphqw exgjhw ghflw1 Lq
4<<8/ wkh ED zdv VHN 67/<;9/ dqg wkh dqqxdo zdjh ri dq dyhudjh surgxfwlrq
zrunhu zdv VHN 4;</7;;1
Wkh edvlf shqvlrq iru d vlqjoh rog0djh shqvlrqhu lv <9( ri wkh ED> lw lv
uhgxfhg wr :;18( li wkh shuvrq lv pduulhg1 Ehiruh 4<<8/ lw zdv qrw uhgxfhg xqohvv
wkh lqglylgxdo zdv pduulhg wr vrphrqh zkr dovr uhfhlyhg wkh edvlf shqvlrq1
Lqglylgxdov zlwk qr/ ru orz/ DWS duh hqwlwohg wr d vshfldo vxssohphqw1 Wklv
vxssohphqw lv lqghshqghqw ri pdulwdo vwdwxv dqg kdv jurzq iurp 75( ri wkh ED
lq 4<;6 wr 8818( dv ri 4<<61 Wkh vshfldo vxssohphqw lv uhgxfhg rq d rqh0wr0rqh
edvlv djdlqvw wkh vxssohphqwdu| shqvlrq1 Wkxv d vlqjoh rog0djh shqvlrqhu zlwk
rqo| d edvlf shqvlrq dqg d vshfldo vxssohphqw uhfhlyhv 48418( ri wkh ED1 Lq
4<<8/ wklv dprxqwhg wr VHN 86/337 lq dqqxdo shqvlrq ru 5;13( ri wkh dqqxdo
hduqlqjv ri dq dyhudjh surgxfwlrq zrunhu1
Wkh edvlf shqvlrq dovr frqwdlqv d vxuylyru*v shqvlrq1 Zlgrzv uhfhlyh <3(
ri d ED xqwlo wkh| uhdfk wkh djh ri 981 Li d zrpdq lv |rxqjhu wkdq 83 zkhq khu
kxvedqg glhv/ wkh dprxqw lv uhgxfhg1 Wkh edvlf shqvlrq iru zlgrzv lv lqfrph
whvwhg vlqfh 4<<:1 Fkloguhq qrupdoo| uhfhlyh 58( ri d ED/ exw wkh dprxqw pd|
eh kljkhu li wkhuh lv qr DWS1
D qhz/ jhqghu0qhxwudo wudqvlwlrqdo shqvlrq iru phq dqg zrphq eruq 4<78
dqg odwhu zdv lpsohphqwhg lq 4<<3 1 Wkh wudqvlwlrqdo shqvlrq lv sdlg iru vl{
prqwkv diwhu wkh ghfhdvh ri d vsrxvh dqg dprxqwv wr <3( ri d ED1 Wkh wudqvl0
wlrqdo shqvlrq fdq eh surorqjhg iru d vxuylyru zkr kdv wkh fxvwrg| ri fkloguhq
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Wkh ehqhw ohyho ri DWS lv uhodwhg wr dq lqglylgxdo*v hduqlqjv klvwru| dqg
lv ghwhuplqhg lq wkuhh vwhsv1 Wkh uvw vwhs lqyroyhv ghwhuplqlqj shqvlrq0uljkwv
lqfrph iru hdfk |hdu iurp wkh djh ri 491 Shqvlrq0uljkwv lqfrph lv fdofxodwhg
rq wkh edvlv ri lqfrph iurp oderu uhsruwhg lq dq lqglylgxdo*v dqqxdo wd{ uhwxuq
dqg lv wkh vkduh ri wkh lqfrph h{fhhglqj 4 ED dqg ehorz wkh vrfldo vhfxulw|
fhlolqj dw :18 ED15 Lw lv vhw wr }hur li dqqxdo lqfrph iurp oderu grhv qrw h{fhhg 4
ED1 Ehvlghv hduqlqjv dqg lqfrph iurp vhoi0hpsor|phqw/ wudqvihu sd|phqwv iurp
vrfldo lqvxudqfh/ vxfk dv lqfrph iurp vlfnqhvv dqg xqhpsor|phqw lqvxudqfh/
wkh sduhqwdo fdvk ehqhw/ dqg wkh sduwldo uhwluhphqw shqvlrq duh lqfoxghg lq
shqvlrq0uljkwv lqfrph1 Wkuhh |hduv ri shqvlrq0uljkwv lqfrph juhdwhu wkdq }hur
ehwzhhq wkh djhv ri 49 dqg 97 duh uhtxluhg wr uhfhlyh dq rog0djh shqvlrq iurp
wkh DWS vfkhph1
Lq wkh vhfrqg vwhs/ dyhudjh shqvlrq srlqwv duh fdofxodwhg e| glylglqj shqvlrq0
uljkwv lqfrph e| wkh fruuhvsrqglqj |hdu*v ED wr rewdlq wkh shqvlrq srlqwv iru
hdfk |hdu1 Wkxv/ gxh wr wkh vrfldo vhfxulw| fhlolqj dw :18 EDv/ wkh pd{lpxp
qxpehu ri shqvlrq srlqwv dq lqglylgxdo pd| uhfhlyh lq dq| jlyhq |hdu lv 9181
Dyhudjh shqvlrq srlqwv frpsulvh wkh dyhudjh ri dq lqglylgxdo*v 48 ehvw |hduv ri
hduqlqjv1
Wkh qdo vwhs lv wr fdofxodwh dq lqglylgxdo*v DWS ehqhw +\l, e| dsso|lqj
wkh irupxod=







zkhuh DSl ghqrwhv lqglylgxdo dyhudjh shqvlrq srlqwv/ EDlv wkh edvlf dprxqw
5Wkh sursruwlrqdo sd|uroo wd{ xvhg wr ￿qdqfh wkh DWS vfkhph lv sdlg dovr rq wkh vkduh ri
lqfrph h{fhhglqj :18 ED1
:dqg Ql lv wkh qxpehu ri |hduv wkh lqglylgxdo kdv uhsruwhg d shqvlrq0uljkwv
lqfrph juhdwhu wkdq }hur1 Wkluw| |hduv zlwk shqvlrq srlqwv duh uhtxluhg iru ixoo
DWS iru lqglylgxdov eruq lq 4<57 dqg wkhuhdiwhu1 Lqvhuwlqj wkh dprxqw ri wkh
ED lq 4<<8 lqwr wkh DWS irupxod uhyhdov wkdw wkh pd{lpxp shqvlrq dprxqw
iurp wkh Vzhglvk qdwlrqdo shqvlrq v|vwhp lq 4<<8 zdv VHN 4:3/3651
Wkhuh duh qr ghshqghqw*v ehqhwv zlwklq wkh DWS vfkhph/ wkdw lv/ wkh
dprxqw ri wkh shqvlrq lv lqghshqghqw ri pdulwdo vwdwxv/ dqg wkhuh lv qr vsolwwlqj
ri ixwxuh DWS ehqhwv lq wkh hyhqw ri d glyrufh1
Iru zrphq eruq ehiruh 4<78/ wkh vxuylyru*v ehqhw lq wkh DWS v|vwhp lv
68073( ri wkh ghfhdvhg kxvedqg*v DWS shqvlrq iru d vxuylylqj zlih dqg 43048(
+53063( diwhu wkh 4<<3 uhirup, iru d vxuylylqj fklog/ ghshqglqj rq wkh qxpehu
ri fkloguhq1 Wkh zlgrz*v shqvlrq lv 68( li wkhuh duh fkloguhq lq wkh krxvhkrog
zkr duh holjleoh iru d fkloguhq*v shqvlrq dqg 73( rwkhuzlvh1 Ehiruh wkh 4<<3
uhirup/ wkh zlgrz*v shqvlrq iurp DWS zdv olihorqj1
Dv ri 4<<4/ h{whqvlyh wudqvlwlrq uxohv dsso| iru qhz vxuylyruv1 Zrphq eruq
ehiruh 4<63 vwloo uhfhlyh d olih orqj zlgrz*v shqvlrq1 Iru d zlgrz eruq ehwzhhq
4<63 dqg 4<77/ khu vxuylyru*v DWS lv uhgxfhg diwhu djh 98/ wdnlqj lqwr dffrxqw
khu rzq DWS1 Wkh uxohv ydu| vrphzkdw iru glhuhqw eluwk frkruwv1 Dv iru wkh
e d v l fs h q v l r q /i r uz r p h qe r u qd i w h uM d q x d u |4 /4 < 7 8 /w k hz l g r z * vs h q v l r ql v
uhsodfhg e| d jhqghu0qhxwudo wudqvlwlrq shqvlrq1 Wkh wudqvlwlrq shqvlrq lv sdlg
iru vl{ prqwkv diwhu wkh ghfhdvh ri d vsrxvh1 Krzhyhu/ zrphq eruq lq 4<78 dqg
wkhuhdiwhu pd| dovr uhfhlyh d zlgrz*v shqvlrq dffruglqj wr vshfldo uxohv dqg
edvhg rq wkh ghfhdvhg kxvedqg*v shqvlrq srlqwv xs xqwlo 4<<31
Wkh edvlf shqvlrq dqg DWS fdq eh fodlphg lq dgydqfh iurp djh 936 dqg
6Lq 4<<; wkh hduo| uhwluhphqw djh zdv udlvhg wr 941
;srvwsrqhg xqwlo djh :31 Li dq lqglylgxdo fkrrvhv wr zlwkgudz iurp wkh oderu
pdunhw lq dgydqfh ri uhdfklqj 98/ wkh dprxqw ri wkh prqwko| ehqhw lv shupd0
qhqwo| uhgxfhg e| 318( iru hdfk prqwk ri hduo| zlwkgudzdo> iru h{dpsoh/ li dq
lqglylgxdo uhwluhv dw 93/ wkh shupdqhqw uhgxfwlrq lv 63(1 Li dq lqglylgxdo gh0
flghv wr fodlp d shqvlrq odwhu wkdq dw djh 98/ wkh shqvlrq lqfrph lv shupdqhqwo|
lqfuhdvhg e| 31:( iru hdfk prqwk ri srvwsrqhphqw1
D sduwldo uhwluhphqw shqvlrq doorzv zrunhuv djhg 94 dqg roghu wr uhgxfh
wkhlu krxuv ri zrun dqg uhfhlyh d ehqhw wr uhsodfh orvw hduqlqjv1 Wr eh holjleoh
iru sduw0wlph uhwluhphqw/ d zrunhu pxvw kdyh dffxpxodwhg 43 |hduv ri shqvlrq0
uljkwv hduqlqjv diwhu djh 78 dqg pxvw zrun dw ohdvw 4: krxuv shu zhhn diwhu wkh
uhgxfwlrq1 Dv ri Mxo| 4/ 4<<7/ wkh ehqhw lv 88( ri wkh glhuhqfh lq hduqlqjv
ehiruh dqg diwhu sduw0wlph uhwluhphqw1
Wkh sulqflsdo uxohv ri d qhz shqvlrq v|vwhp/ lqwhqghg wr uhsodfh wkh edvlf
shqvlrq/ DWS dqg sduwldo uhwluhphqw shqvlrq zhuh ghflghg lq 4<<71 Wkh pdlq
fkdqjhv duh= hduqlqjv iurp dq lqglylgxdo*v hqwluh olih f|foh duh frxqwhg zkhq
shqvlrq lqfrph lv ghwhuplqhg/ udwkhu wkdq rqo| wkh 48 ehvw |hduv> shqvlrqv duh
uhodwhg wr wkh uhdo jurzwk udwh lq wkh hqwluh hfrqrp| udwkhu wkdq sulfh lqglfhv>
fkdqjhv lq olih h{shfwdqf| dovr dhfw dqqxdo shqvlrq lqfrph/ l1h1/ lqfuhdvhg olih
h{shfwdqf| dqg orzhu hfrqrplf jurzwk udwhv uhgxfh lqglylgxdo shqvlrq lqfrph
dw d jlyhq uhwluhphqw djh1 Wkh uvw eluwk frkruw dhfwhg e| wkh qhz v|vwhp
frpsulvhv wkrvh eruq lq 4<6;/ zkr zloo kdyh 7253 ri wkhlu shqvlrq ghwhuplqhg
dffruglqj wr wkh qhz uxohv dqg wkh uhpdlqghu dffruglqj wr wkh rog uxohv1 Wkh
vkduh lq wkh qhz v|vwhp lv wkhq lqfuhdvhg e| 4253 iru hdfk vxffhvvlyh eluwk
frkruw1
<515 Rffxsdwlrqdo Shqvlrqv
Doprvw doo ri wkh Vzhglvk oderu pdunhw lv fryhuhg e| fhqwudo djuhhphqwv ehwzhhq
wkh xqlrqv dqg hpsor|huv* frqihghudwlrqv1 Wkhvh fhqwudo djuhhphqwv lqfoxgh rf0
fxsdwlrqdo shqvlrq vfkhphv qdqfhg wkurxjk hpsor|huv* frqwulexwlrqv1 Wkhuh
duh edvlfdoo| irxu rffxsdwlrqdo shqvlrq sodqv fryhulqj glhuhqw jurxsv rq wkh od0
eru pdunhw= +4, eoxh0froodu zrunhuv lq wkh sulydwh vhfwru> +5, zklwh0froodu zrunhuv
lq wkh sulydwh vhfwru> +6, fhqwudo jryhuqphqw hpsor|hhv> +7, orfdo jryhuqphqw
hpsor|hhv>7 Shqvlrq uljkwv duh wudqvihudeoh dprqj wkhvh irxu pdlq vfkhphv1
Hdfk ri wkhvh shqvlrq vfkhphv lv eulh | ghvfulehg ehorz frqfhqwudwlqj rq wkh
wlph shulrg fryhuhg e| wkh sdqho gdwd vhw xvhg lq wklv vwxg|/ l1h1 4<;604<<:1
51514 Rffxsdwlrqdo Shqvlrqv iru Sulydwh Vhfwru Eoxh0froodu Zrunhuv
Lq 4<<9/ wkh hduolhu sd|0dv0|rx0jr shqvlrq vfkhph +VWS, zdv uhsodfhg e| d ixoo|
ixqghg shqvlrq sodq1 Wkh eoxh0froodu zrunhuv lq rxu vdpsoh duh wkxv fryhuhg
e| wkuhh glhuhqw rffxsdwlrqdo shqvlrq uhjlphv= wkrvh eruq ehwzhhq 4<5: dqg
4<64 zkr duh fryhuhg hqwluho| e| VWS> wkrvh eruq ehwzhhq 4<65 dqg 4<6; zkr
pd| fkrrvh ehwzhhq wkh VWS uxohv dqg d wudqvlwlrqdo shqvlrq> dqg wkrvh eruq
lq 4<6< dqg odwhu duh fryhuhg e| wkh wudqvlwlrq shqvlrq1
Dv d prqwko| sd|phqw vwduwlqj wkh prqwk ri d zrunhu*v 98wk eluwkgd|/ VWS
frxog qrw eh fodlphg lq dgydqfh ru srvwsrqhg1 Wkh vl}h ri wkh shqvlrq zdv
ghwhuplqhg dv 43 shufhqw ri wkh dyhudjh ri wkh zrunhu*v prqwko| hduqlqjv gxulqj
klv wkuhh ehvw |hduv ehwzhhq djh 88 dqg 8<1 Li wkh zrunhu frqwulexwhg wr wkh
vfkhph ohvv wkdq 63 |hduv diwhu djh 5;/ wkh shqvlrq zdv uhgxfhg sursruwlrqdoo|1
Wr uhfhlyh dq| shqvlrq dw doo/ d zrunhu zdv uhtxluhg wr frqwulexwh dw ohdvw wkuhh
7Vhh Ndqjdv dqg M1 Sdoph +4<;<, iru d pruh ghwdlohg ghvfulswlrq ri gl￿huhqw rffxsdwlrqdo
shqvlrq vfkhphv lq Vzhghq1
43|hduv ehwzhhq djhv 88 dqg 8<1 VWS lv lqgh{hg e| wkh ED dqg wkh vrfldo vhfxulw|
fhlolqj dw :18 EDv dssolhv khuh dv zhoo1
Lq wkh qhz/ ixoo| ixqghg shqvlrq vfkhph iru eoxh0froodu zrunhuv/ d vkduh
ri jurvv hduqlqjv lv sdlg lqwr d shuvrqdo dffrxqw lq d shqvlrq ixqg1 Ehwzhhq
4<<9 dqg 5333/ wkh frqwulexwlrq udwh zdv 513 shufhqw ri jurvv hduqlqjv dqg/
dffruglqj wr wkh qhz djuhhphqw/ lq hhfw iurp 5333/ wkh vkduh lv 618 shufhqw1
Hdfk zrunhu fdq fkrrvh dprqj derxw d gr}hq lqvxudqfh frpsdqlhv wr pdqdjh
klv shqvlrq ixqg1 Wkh uvw frkruw dhfwhg e| wkh qhz v|vwhp zdv eruq lq 4<651
Krzhyhu/ vlqfh wklv frkruw/ dv zhoo dv wkh odwhu frkruwv lq rxu vdpsoh/ zrunhg
xqghu wkh VWS v|vwhp/ wkh| kdyh qrw pdgh dq| sd|phqwv wr shqvlrq ixqgv dqg
duh/ wkhuhiruh/ vxemhfw wr vr0fdoohg wudqvlwlrq uxohv1
Shqvlrqv xqghu wkhvh wudqvlwlrq uxohv duh ghwhuplqhg e| wkh vxp ri wzr sduwv1
Wkh uvw sduw lv 43 shufhqw ri dyhudjh hduqlqjv/ gh dwhg e| wkh ED/ ehorz wkh
vrfldo vhfxulw| fhlolqj iurp djh 631 Wkh vhfrqg sduw lv wkh dprxqw d zrunhu
uhfhlyhv iurp wkh ixqghg shqvlrq1 Vlqfh wkh VWS vfkhph doorzv d zrunhu wr
fkrrvh wkh dyhudjh ri klv ehvw wkuhh |hduv ehwzhhq djhv 88 dqg 8</ dqg wkh
shqvlrq iurp wkh ixqghg v|vwhp lv yhu| orz/ shqvlrqv xqghu wkh wudqvlwlrq uxohv
duh lq jhqhudo orzhu wkdq VWS1 Krzhyhu/ wkh eluwk frkruwv ehwzhhq 4<65 dqg
4<6; pd| rsw iru wkh rog VWS vfkhph li lw wxuqv rxw wr eh pruh idyrudeoh1
51515 Rffxsdwlrqdo Shqvlrqv iru Sulydwh Vhfwru Zklwh0froodu Zrun0
huv
Zklwh0froodu zrunhuv lq wkh sulydwh vhfwru duh fryhuhg e| LWS/ LWSN dqg LWSJ1
LWS lv d ehqhw ghqhg vfkhph/ LWSN lv ixoo| ixqghg/ dqg LWSJ jxdudqwhhv
wkdw d zrunhu fryhuhg e| LWS uhfhlyhv dw ohdvw zkdw kh zrxog kdyh ehhq hqwlwohg













Wdeoh 4= Uhgxfwlrq +hqkdqfhphqw, li LWS lv fodlphg lq dgydqfh +srvwsrqhg,1
LWS lv ghwhuplqhg e| d zrunhu*v hduqlqjv wkh |hdu ehiruh kh uhwluhv= lw lv
43( ri wkdw |hdu*v vdodu| xs wr :18 EDv/ 98( ri wkh vdodu| ehwzhhq :18 dqg 53
EDv/ dqg 6518( ehwzhhq 53 dqg 63 EDv1 Dv lq wkh VWS vfkhph/ wkh shqvlrq lv
uhgxfhg sursruwlrqdoo| li d zrunhu kdv frqwulexwhg gxulqj ohvv wkdq 63 |hduv vlqfh
djh 5;1 Frqwulexwlrqv wr LWS kdyh ehhq durxqg 718 shufhqw ri jurvv hduqlqjv lq
wkh 4<;3v dqg 4<<3v1 Wkh qrupdo uhwluhphqw djh iru LWS lv 981 Wdeoh 4 vkrzv
wkh uhgxfwlrq +hqkdqfhphqw, li d zrunhu vwduwv wr fodlp +srvwsrqh, uhwluhphqw
ehqhwv ehwzhhq djhv 93 dqg :31 LWS fdq dovr eh fodlphg ehiruh djh 93/ lq
zklfk fdvh wkh dprxqw ri wkh shqvlrq lv ghwhuplqhg e| dq lqglylgxdo dfwxduldo
dgmxvwphqw1
LWSN zdv lqwurgxfhg lq 4<:: dqg lv d ixoo| ixqghg v|vwhp1 Gxulqj wkh 4<;3v
dqg 4<<3v/ frqwulexwlrqv dprxqwhg wr dssur{lpdwho| 5 shufhqw ri hdfk zrunhu*v
oderu hduqlqjv xs wr 63 EDv1 Frqwulexwlrqv wr wkh LWSN vfkhph vwduw zkhq d
zrunhu lv djhg 631 Kh lv iuhh wr fkrrvh d frpsdq| wr pdqdjh klv LWSN shqvlrq1
LWSN lv qrupdoo| fodlphg dv prqwko| sd|phqwv ryhu d yh0|hdu shulrg diwhu
uhwluhphqw1 Dv LWSN zdv lqwurgxfhg lq 4<::/ lw lv pdwxulqj gxulqj wkh shulrg
45fryhuhg e| rxu gdwd> wkh 4<5: frkruw ri zrunhuv zhuh djhg 83 lq 4<:: dqg wkh
4<73 frkruw zdv djhg 6:1 Wklv lpsolhv wkdw wkh LWSN shqvlrqv duh rq dyhudjh
o d u j h ui r uw k h| r x q j h uf r k r u w v 1
51516 Shqvlrqv iru Fhqwudo Jryhuqphqw Hpsor|hhv*
Shqvlrqv iru fhqwudo jryhuqphqw hpsor|hhv duh uhjxodwhg lq fhqwudo djuhhphqwv
ehwzhhq wkh wudgh xqlrqv dqg wkh vwdwh1 Sulru wr 4<<5/ wkh rffxsdwlrqdo shqvlrq
vfkhph iru hpsor|hhv lq wkh fhqwudo jryhuqphqw surylghg d jurvv shqvlrq lq wkh
vhqvh wkdw lw wrwdoo| uhsodfhg wkh vwdwh shqvlrq iru zrunhuv fryhuhg e| wkh vfkhph1
Wkh vl}h ri wkh shqvlrq zdv fdofxodwhg dv 98 shufhqw ri hduqlqj wkh |hdu ehiruh
uhwluhphqw1 D ixoo shqvlrq uhtxluhg 63 |hduv ri hduqlqjv dqg wkh shqvlrq zdv
uhgxfhg sursruwlrqdoo| li wkh zrunhu glg qrw ixooo wkdw uhtxluhphqw1
Prvw shrsoh hpsor|hg e| fhqwudo jryhuqphqw kdyh d pdqgdwru| uhwluhphqw
djh ri 981 Wkhuh duh vhyhudo h{fhswlrqv/ h1j1 plolwdu| shuvrqqho zkrvh pdqgd0
wru| uhwluhphqw djh lv 881 Ehiruh 4<<5/ fhqwudo jryhuqphqw hpsor|hhv frxog qrw
fodlp wkhlu rffxsdwlrqdo shqvlrq sulru wr wkhlu pdqgdwru| uhwluhphqw djh1 Li
wkh| zdqwhg wr uhwluh hduolhu/ wkh| frxog fodlp wkhlu vwdwh shqvlrq zlwk dfwxduldo
dgmxvwphqw dqg wkhlu rffxsdwlrqdo shqvlrq dv d olih dqqxlw|1 Wklv dqqxlw| zdv
fdofxodwhg dv 98 shufhqw ri <8 shufhqw ri dq lqglylgxdo*v hduqlqjv wkh |hdu ehiruh
kh uhwluhg1 Wklv dprxqw zdv qrw lqgh{hg dqg qrw sdlg rxw xqwlo kh uhdfkhg wkh
pdqgdwru| uhwluhphqw djh1 Diwhu wkdw/ lw zdv lqgh{hg e| wkh ED dqg sdlg dv d
olihorqj dqqxlw|1
Diwhu 4<<5/ wzr vxssohphqwdu| rffxsdwlrqdo shqvlrq vfkhphv/ rqh ixoo|
ixqghg dqg rqh sd|0dv0|rx0jr/ uhsodfhg wkh iruphu jurvv shqvlrq1 Lq wkh ixoo|
ixqghg v|vwhp/ 41:( ri d zrunhu*v dqqxdo vdodu|/ vwduwlqj iurp 4<<4/ lv sdlg wr d
shqvlrq ixqg1 Wkh sd|0dv0|rx0jr vfkhph lv yhu| vlplodu wr wkh LWS/ exw lw lv gh0
46whuplqhg e| dyhudjh hduqlqjv gxulqj wkh yh |hduv suhfhglqj uhwluhphqw udwkhu
wkdq e| dq lqglylgxdo*v hduqlqjv wkh |hdu ehiruh uhwluhphqw1 Lw lv 43( ri wklv
yh0|hdu dyhudjh xs wr :18 EDv/ 98( ehwzhhq :18 dqg 53 EDv/ dqg 6518( eh0
wzhhq 53 dqg 63 EDv1 Wkh shqvlrq lv uhgxfhg sursruwlrqdoo| li wkh uhtxluhphqw
ri 63 |hduv ri frqwulexwlrqv wr wkh vfkhph vlqfh djh 5; lv qrw ixooohg1
Lq frqwudvw wr wkh suh04<<5 rffxsdwlrqdo shqvlrq iru fhqwudo jryhuqphqw
hpsor|hhv/ wkh srvw04<<5 shqvlrq fdq eh fodlphg yh |hduv ehiruh wkh pdqgdwru|
uhwluhphqw djh zlwk dq dfwxduldo dgmxvwphqw1 Wklv dgmxvwphqw lv d 317 shufhqw
olihorqj uhgxfwlrq iru hdfk prqwk wkh shqvlrq lv uhfhlyhg sulru wr dq lqglylgxdo*v
98wk eluwkgd|1 Krzhyhu/ li vrphrqh uhwluhv ehiruh djh 93/ wkh suh04<<5 uxohv
dsso|/ l1h1/ qr olih dqqxlw| sulru wr wkh pdqgdwru| uhwluhphqw djh1 Wklv shqvlrq
fdq dovr eh srvwsrqhg/ zlwk d 317 shufhqw olihorqj lqfuhdvh iru hdfk prqwk lw lv
ghod|hg xs wr yh |hduv diwhu wkh pdqgdwru| uhwluhphqw djh1
51517 Shqvlrqv iru Orfdo Jryhuqphqw Hpsor|hhv*
Wkh shqvlrq sodq iru hpsor|hhv lq orfdo jryhuqphqwv +ru pxqlflsdolwlhv, lv uhjx0
odwhg e| d fhqwudo djuhhphqw ehwzhhq wkh xqlrq dqg d frqihghudwlrq iru Vzhghq*v
pxqlflsdolwlhv1 Wzr djuhhphqwv dhfw shqvlrqv iru wkh wlph shulrg fryhuhg e|
wkh gdwd lq wklv vwxg|= wkh uvw zdv pdgh lq 4<:; dqg wkh vhfrqg lq 4<;81
Dffruglqj wr wkh 4<;8 djuhhphqw/ wkh vl}h ri wkh shqvlrq lv ghwhuplqhg e|
wkh dyhudjh ri wkh hpsor|hh*v yh ehvw |hduv ri hduqlqjv gxulqj wkh vhyhq0|hdu
shulrg sulru wr wkh |hdu ri uhwluhphqw1 Wkh shqvlrq lv wkhq fdofxodwhg dv <9(
ri wklv dprxqw ehorz 4 EDv/ :;18( ehwzhhq 4 dqg 518 EDv/ 93( ehwzhhq 518
dqg 618 EDv/ 98( ehwzhhq :18 dqg 53 EDv/ dqg 6518( ehwzhhq 53 dqg 63 EDv1
D ixoo shqvlrq uhtxluhv 63 |hduv ri hpsor|phqw lq wkh orfdo jryhuqphqw vhfwru
ehwzhhq djhv 4; dqg 98> rwkhuzlvh wkh shqvlrq lv uhgxfhg sursruwlrqdoo|1 Wklv
47shqvlrq vfkhph lv ixoo| frruglqdwhg zlwk wkh vwdwh shqvlrq1 Wklv phdqv wkdw
rqo| wkh dprxqw h{fhhglqj wkh vwdwh shqvlrq lv sdlg1
Wkh qrupdo uhwluhphqw djh lv 98 iru prvw orfdo jryhuqphqw hpsor|hhv1 Exw
dq lqglylgxdo fdq hqwhu uhwluhphqw dw djh 93 dqg srvwsrqh lw xqwlo 9:1 Li kh
u h w l u h ve h i r u hd j h9 8 /k l vs h q v l r ql vu h g x f h gi r uw k hu h v wr ik l vo l i he |3 1 6 (
shu prqwk ehwzhhq djhv 96 dqg 98/ e| 317( ehwzhhq djhv 95 dqg 96/ dqg e|
318( shu prqwk ehwzhhq djhv 93 dqg 951 Wkh shqvlrq lv lqfuhdvhg e| 314( iru
hdfk prqwk wkh lqglylgxdo ghflghv wr frqwlqxh wr zrun diwhu djh 981 Wkh uxohv
iru fodlplqj ehiruh djh 93 duh yhu| vlplodu wr wkrvh lq wkh shqvlrq vfkhph iru
fhqwudo jryhuqphqw hpsor|hhv= wkh shqvlrq lv wudqviruphg lqwr d olih dqqxlw|
zklfk fdqqrw eh fodlphg ehiruh djh 981
516 Glvdelolw|/ Vlfnqhvv dqg Xqhpsor|phqw Lqvxudqfh8
51614 Glvdelolw| Lqvxudqfh
Wkh glvdelolw| lqvxudqfh +GL, vfkhph lv yhu| vlplodu wr wkh vwdwh rog0djh shqvlrq
gxulqj wkh shulrg fryhuhg e| wkh vwxg|1 Lw frqvlvwv ri d edvlf shqvlrq/ dq
lqfrph0uhodwhg DWS vxssohphqw dqg d vshfldo vxssohphqw1 Shqvlrq lqfrph lv
ghwhuplqhg lq pxfk wkh vdph zd| dv wkh rog0djh shqvlrq ehqhw/ exw zlwkrxw
dq| dfwxduldo uhgxfwlrq iru hduo| uhwluhphqw1 Dq dvvxphg shqvlrq srlqw lv
fdofxodwhg iru hdfk |hdu ehwzhhq wkh |hdu ri uhwluhphqw zlwk GL dqg djh 971
Wkh irupxod iru rog0djh DWS lv wkhq dssolhg wr dfwxdo dv zhoo dv dvvxphg srlqwv
ehwzhhq djhv 49 dqg 971 D glvdelolw| shqvlrq fdq eh uhfhlyhg iurp djh 491
Holjlelolw| uhtxluhv fhuwlfdwlrq iurp d sk|vlfldq wkdw dq lqglylgxdo*v fdsdflw|
wr zrun lv shupdqhqwo| uhgxfhg e| dw ohdvw 58( gxh wr looqhvv/ sk|vlfdo ru
8Lq dgglwlrq wr wkh sxeolf oderu pdunhw lqvxudqfh/ zklfk zh zloo frqvlghu khuh/ wkhuh duh
qhjrwldwhg rffxsdwlrqdo lqvxudqfhv iru glvdelolw| dqg orqj whup vlfnqhvv1
48phqwdo lqfdsdflw| hwf1 Wr uhfhlyh d ixoo glvdelolw| shqvlrq/ zrunlqj delolw| pxvw
eh frpsohwho| orvw/ dowkrxjk dq lqglylgxdo pd| dovr eh dzdughg/ 58/ 83 ru :8
shufhqw GL fruuhvsrqglqj wr glhuhqw ghjuhhv ri orvw delolw| wr zrun19 Ehwzhhq
4<:3 dqg 4<<4/ glvdelolw| shqvlrq zhuh dovr judqwhg iru oderu pdunhw uhdvrqv1
Wkh uhtxluhphqwv wkhq zhuh wkdw wkh lqglylgxdo zdv 93 |hduv rog ru pruh dqg
kdg h{kdxvwhg klv uljkw wr xqhpsor|phqw lqvxudqfh1
Lq sudfwlfh/ wkh vwulfwqhvv zlwk zklfk phglfdo vfuhhqlqj lv dssolhg ydulhv ryhu
wlph1 Zkhq dqdo|}lqj judqwlqj udwhv ri glhuhqw orfdo vrfldo lqvxudqfh r!fhv/
lw lv dovr hylghqw wkdw lw ydulhv ehwzhhq glhuhqw sduwv ri wkh frxqwu|1 Wkh
uxohv uhjduglqj holjlelolw| iru GL kdyh ehhq wljkwhqhg xs frqvlghudeo| wkurxjk
vxffhvvlyh fkdqjhv lq ohjlvodwlrq lq Mxo| 4<<6/ Rfwrehu 4<<8/ dqg Mdqxdu| 4<<:1
51615 Vlfnqhvv Lqvxudqfh
Vzhghq kdv xqlyhuvdo vlfnqhvv lqvxudqfh fryhulqj doo hpsor|hhv dqg vhoi0hpsor|hg
zklfk lv qdqfhg wkurxjk sd|uroo wd{hv1 Wklv lqvxudqfh surylghv frpshqvdwlrq
iru iruhjrqh hduqlqjv wr zrunhuv zkr duh qrw deoh wr fduu| rxw wkhlu uhjxodu
zrun gxh wr whpsrudu| khdowk sureohpv1 Lw kdv xqghujrqh vhyhudo fkdqjhv ryhu
wkh wlph shulrg fryhuhg e| rxu gdwd vhw1 Sulru wr wkh uvw pdmru uhirup lq
4<;:/ frpshqvdwlrq zdv fdofxodwhg rq wkh edvlv ri dqqxdo hduqlqjv/ exw gxulqj
wkh uvw wzr zhhnv ri looqhvv lw rqo| fryhuhg iruhjrqh hduqlqjv gxulqj vfkhgxohg
zrun wlph iurp wkh vhfrqg gd| lq d vlfnqhvv vsdoo1 Diwhu wkh uhirup/ <3 shufhqw
ri irujrqh hduqlqjv xs wr wkh vrfldo vhfxulw| fhlolqj zhuh frpshqvdwhg iurp wkh
uvw gd| ri d vlfnqhvv vshoo1 Wkh vhfrqg pdmru uhirup wrrn sodfh lq 4<<5/ zkhq
hpsor|huv kdg wr wdnh uhvsrqvlelolw| iru vlfnqhvv lqvxudqfh gxulqj wkh uvw wzr
zhhnv ri d vshoo1 Wkh uhsodfhphqw ohyho/ wkh vkduh ri iruhjrqh hduqlqjv uhsodfhg
9Ehiruh 4<<6/ wkh ohyhov zhuh 83/ 9: dqg 433 shufhqw1
49e| wkh lqvxudqfh/ kdv ehhq fkdqjhg rq vhyhudo rffdvlrqv ehwzhhq 4<;6 dqg 4<<:1
Lq 4<<6/ wkh uhsodfhphqw ohyho iru orqj vlfnqhvv vshoov/ zklfk lv prvw uhohydqw
iru wkh sxusrvh ri wklv vwxg|/ zdv uhgxfhg iurp <3 wr ;3 shufhqw ri iruhjrqh
hduqlqjv ehwzhhq gd|v <4 dqg 698 lq d vshoo/ dqg wr :3 shufhqw diwhu rqh |hdu1
Lq 4<<9 lw zdv fkdqjhg wr :8 shufhqw iru doo orqj0whup vshoov dqg/ dv ri 4<<;/ lw
lv ;3 shufhqw iru doo vshoov1
Holjlelolw| iru frpshqvdwlrq diwhu vhyhq gd|v ri d vlfnqhvv vshoo uhtxluhv d
fhuwlfdwh iurp d sk|vlfldq1 Wkh fhuwlfdwh wkhq kdv wr eh uhqhzhg dw ohdvw
hyhu| wklug prqwk iru frqwlqxhg frpshqvdwlrq1 D sk|vlfldq kdv wr fhuwli| wkdw
whpsrudu| looqhvv grhv qrw shuplw wkh lqvxuhg lqglylgxdo wr shuirup klv uhjx0
odu zrun/ dqg wkdw kh zloo eh deoh wr uhwxuq wr wkh oderu irufh diwhu uhfryhu|1
Rwkhuzlvh/ wkh zrunhu vkrxog eh judqwhg GL1 Wkh frpshqvdwlrq ohyho ri vlfn0
qhvv lqvxudqfh lv kljkhu wkdq wkdw ri GL iru prvw zrunhuv1 Wklv lpsolhv wkdw d
zrunhu kdv hfrqrplf lqfhqwlyhv wr uhpdlq rq vlfn ohdyh/ udwkhu wkdq GL/ hyhq
li wkh suredelolw| ri uhwxuqlqj wr wkh oderu irufh lv yhu| orz1 Wkh odz grhv qrw
vwlsxodwh dq xsshu olplw rq wkh ohqjwk ri d vlfnqhvv0ehqhw vshoo1
51616 Xqhpsor|phqw Lqvxudqfh
Xqhpsor|phqw lqvxudqfh +XL, lv wzrirog= rqh sduw frqvlvwv ri wkh vdph dprxqw
iru doo xqhpsor|hg zrunhuv/ dqg wkh vhfrqg ghshqgv rq dq lqvxuhg zrunhu*v
lqfrph ohyho ehiruh kh ehfdph xqhpsor|hg1 D zrunhu lv qrw holjleoh iru wkh
vhfrqg sduw xqohvv kh ehorqj wr dq xqhpsor|phqw ehqhw ixqg1 Doo phpehuv
ri oderu xqlrqv dxwrpdwlfdoo| ehorqjv wr dq xqhpsor|phqw ehqhw ixqg1 Lw lv
dovr srvvleoh wr eh d phpehu ri dq xqhpsor|phqw ehqhw ixqg zlwkrxw ehlqj d
xqlrq phpehu/ li wkh zrunhu kdv wkh rffxsdwlrq fryhuhg1
Xqhpsor|hg zrunhuv zkr dfwlyho| vhdufk iru d qhz mre duh holjleoh iru XL1
4:Uhixvdo wr dffhsw d vxlwdeoh mre rhu iurp wkh sxeolf hpsor|phqw r!fh pljkw
ohdg wr h{foxvlrq iurp frpshqvdwlrq1 Lq jhqhudo/ d zrunhu fdq uhmhfw wzr/ exw
pxvw dffhsw wkh wklug vxlwdeoh mre rhu1 Dq xqhpsor|hg zrunhu zdv hqwlwohg wr
XL frpshqvdwlrq iru 633 gd|v xs wr djh 88 dqg iru 783 gd|v wkhuhdiwhu1: Krz0
hyhu/ li d zrunhu xqghujrhv rqh ru pruh wudlqlqj surjudpv/ wkh frpshqvdwlrq
shulrg fdq eh uhqhzhg vhyhudo wlphv1
Wkh frpshqvdwlrq ohyho lv yhu| vlplodu wr vlfnqhvv lqvxudqfh zlwk rqh lpsru0
wdqw h{fhswlrq= wkh lqfrph fhlolqj ri XL lv orzhu1 Wkh XL fhlolqj lv qrw lqgh{hg=
fkdqjhv lq wkh fhlolqj duh pdgh rq d glvfuhwlrqdu| edvlv e| wkh jryhuqphqw1
E| wkh hqg ri wkh shulrg fryhuhg e| rxu gdwd +4<<:,/ wkh lqfrph fhlolqj iru XL
zdv VHN 4<</983 VHN frpsduhg wr VHN 5:5/583 iru wkh sulfh0lqgh{hg vrfldo
vhfxulw| fhlolqj xvhg iru vlfnqhvv lqvxudqfh1 Wkh fkdqjhv lq wkh frpshqvdwlrq
ohyho ri vlfnqhvv lqvxudqfh/ uhsruwhg lq wkh suhfhglqj vxevhfwlrq dovr dsso| wr
XL1
517 Lqfrph Wd{hv dqg Krxvlqj Doorzdqfhv
Ehvlghv wkh hhfw ri wkh vrfldo vhfxulw| v|vwhp/ uhwluhphqw lqfhqwlyhv duh dovr di0
ihfwhg e| lqfrph wd{hv1; Vzhghq kdv dq lqwhjudwhg lqfrph wd{ v|vwhp1 Lqglylg0
xdov sd| orfdo dqg qdwlrqdo lqfrph wd{hv1 Wkh qdwlrqdo jryhuqphqw ghwhuplqhv
wkh wd{ edvh iru qdwlrqdo dqg orfdo wd{hv1 Diwhu d pdmru wd{ uhirup lq 4<<4/
wkh wd{ edvh lv qrz glylghg lqwr hduqhg lqfrph dqg fdslwdo lqfrph1 Doo lqfrph
iurp wkh vrfldo lqvxudqfh v|vwhp lv lqfoxghg lq hduqhg lqfrph dorqj zlwk zdjhv
dqg vdodulhv1 Dv ri 4<<4/ wkhuh lv d qdwlrqdo sursruwlrqdo wd{ ri 63( rq wd{deoh
lqfrph iurp fdslwdo1 Hduqhg lqfrph lv wd{hg qdwlrqdoo| dqg orfdoo|1 Wkh orfdo
:Wklv zdv fkdqjhg wr djh 8: lq Ghfhpehu 4<<:1
;Vhh Durqvvrq dqg Zdonhu +4<<:, iru d ghwdlohg ghvfulswlrq ri wkh Vzhglvk wd{ v|vwhp1
4;wd{ udwh lv ghwhuplqhg lqghshqghqwo| e| hdfk ri Vzhghq*v 5;6 pxqlflsdolwlhv1
Orfdo wd{ udwhv duh foxvwhuhg durxqg 64(1 Sulru wr 4<<4/ wkh pdujlqdo wd{ udwh
rq shqvlrq lqfrph zdv dhfwhg e| fdslwdo lqfrph/ vlqfh wkhuh zdv qr glylvlrq
ri wkh wd{ edvh lqwr hduqhg lqfrph dqg fdslwdo lqfrph1
Orfdo lqfrph wd{hv duh sursruwlrqdo/ zkloh wkh qdwlrqdo lqfrph wd{ lv sur0
juhvvlyh1 Diwhu wkh 4<<4 wd{ uhirup/ qdwlrqdo lqfrph wd{ zdv vhw dw +doprvw,
}hur ehorz d fhuwdlq euhdnsrlqw/ dqg dw 53( rq doo lqfrph deryh wkdw ohyho1
Lq 4<<8/ wkh odwwhu wd{ zdv whpsrudulo| lqfuhdvhg wr 58(1 Wkhvh uxohv pd|
jlyh wkh idovh lpsuhvvlrq wkdw wkhuh duh rqo| wzr srvvleoh pdujlqdo wd{ udwhv
rq hduqhg lqfrph1 Exw wkhuh lv d edvlf ghgxfwlrq wkdw ydulhv dprqj glhuhqw
hduqhg0lqfrph eudfnhwv 1 Wkhuh duh dovr vshfldo uxohv iru wkh edvlf ghgxfwlrq iru
rog0djh shqvlrqhuv/ zklfk odujho| ghwhuplqh wkhlu pdujlqdo wd{ udwhv1
Rog0djh/ glvdelolw|/ dqg vxuylyru*v shqvlrqhuv zlwk orz lqfrph duh hqwlwohg
wr d krxvlqj doorzdqfh1 Lq 4<<8/ wklv doorzdqfh zdv dw prvw ;8( ri wkh krxvlqj
frvw xs wr d fhuwdlq fhlolqj dqg deryh d fhuwdlq  rru1 Lw lv uhgxfhg e| 73(
+78 dw kljk lqfrph ohyhov, ri lqfrph lq h{fhvv ri d edvlf shqvlrq dqg vshfldo
vxssohphqw/ dqg e| 5( ri zhdowk1 Lq 4<<7/ derxw 63( ri doo rog0djh shqvlrqhuv
uhfhlyhg krxvlqj doorzdqfhv/ dqg wkh dyhudjh dprxqw zdv derxw VHN 4:/9:6/
wkdw lv/ 66( ri wkh dprxqw ri wkh orzhvw shqvlrq iurp wkh qdwlrqdo shqvlrq
v|vwhp1
518 Pdqgdwru| Uhwluhphqw Uxohv rq wkh Vzhglvk Oderu
Pdunhw
Vzhghq kdv d qrupdo uhwluhphqw djh ri 981< Roghu zrunhuv duh qrw fryhuhg e|
hpsor|phqw vhfxulw| ohjlvodwlrq/43 wkdw lv/ zrunhuv roghu wkdq 98 duh qrw fryhuhg
<Zdghqvmø +4<;<, h{dplqhv wkh lpsolfdwlrqv ri 98 dv d qrupdo uhwluhphqw djh lq ghwdlo1
43Ohvv wkdq 8( ri hpsor|hhv rq wkh Vzhglvk oderu pdunhw duh qrw fryhuhg e| d fhqwudo
4<e| vhqlrulw| uxohv dqg wkhuhiruh surwhfwhg wkh ohdvw li d up zdqwv wr vfdoh grzq1
Ixuwkhupruh/ zrunhuv ryhu 98 duh qrw hqwlwohg wr XL1 Rq wkh rwkhu kdqg/ wkh
zdjh frvw iru hpsor|huv lv orzhu ehfdxvh wkh| gr qrw kdyh wr sd| sd|uroo0wd{hv
wr qdwlrqdo ru rffxsdwlrqdo shqvlrq vfkhphv iru hpsor|hhv ryhu 981
Fhqwudo dqg orfdo jryhuqphqw hpsor|hhv dxwrpdwlfdoo| orvh wkhlu mrev dw djh
981 H{fhswlrqv iurp wklv uxoh duh shuplwwhg iru rqh |hdu1 Lq wkh sulydwh vhfwru/
froohfwlyh djuhhphqwv ehwzhhq wkh wudgh xqlrqv dqg wkh hpsor|huv* frqihghud0
wlrqv dv d uxoh dovr suhvfuleh vwulfw uxohv iru pdqgdwru| uhwluhphqw dw djh 981
Dv wkh qxpehu ri wkhvh djuhhphqwv lv yhu| odujh/ lw lv kdug wr jhw dq ryhuylhz
ri wkh ryhudoo vwulfwqhvv ri wkh uxohv iru pdqgdwru| uhwluhphqw1
519 Vrxufhv ri Lqfrph diwhu Uhwluhphqw
Dv kdv douhdg| lqglfdwhg/ wkh Vzhglvk zhoiduh v|vwhp surylghv vhyhudo rswlrqv
iru hduo| h{lw iurp wkh oderu pdunhw1 Lq rughu wr jdlq dq xqghuvwdqglqj ri wr
zkdw h{whqw wkhvh glhuhqw rswlrqv duh xvhg/ ohw xv frqvlghu wkh frkruwv lq rxu
gdwd vhw iru shuvrqv eruq ehwzhhq 4<5: dqg 4<651 Wkhvh duh wkh eluwk frkruwv
wkdw kdyh uhdfkhg wkh qrupdo uhwluhphqw djh ri 98 lq 4<<: +wkh hqg ri wkh
shulrg xqghu vwxg|,1
Wdeoh 5 vkrzv wkh shufhqwdjh vkduh ri zrunhuv lq wklv vxevdpsoh zkr uhfhlyh
wkhlu pdlq lqfrph +pruh wkdq 83 shufhqw ri wkhlu wrwdo qrq0oderu lqfrph, iurp
rqh ri whq glhuhqw vrxufhv ri lqfrph diwhu uhwluhphqw1 Wkh odvw urz lq wkh wdeoh
lqglfdwhv wkdw qrqh ri wkh vrxufhv ri lqfrph dffrxqwv iru pruh wkdq 83 shufhqw
ri wkh uhwluhg zrunhu*v qrq0oderu lqfrph1
Wkh vrxufhv ri lqfrph olvwhg lq Wdeoh 5 fdq eh glylghg lqwr wkuhh jurxsv1 Wkh
uvw jurxs frqvlvwv ri vfkhphv ghvljqhg wr vhuyh dv rog0djh shqvlrq surjudpv=
djuhhphqw lq zklfk fdvh wkh| duh surwhfwhg e| hpsor|phqw vhfxulw| ohjlvodwlrq xqwlo djh 9:1
53Phq Zrphq
41 Vwdwh rog0djh shqvlrq 661:3 591<<
51 Rffxsdwlrqdo shqvlrq 4619; 47154
61 Glvdelolw| shqvlrq +GL, 9188 918<
71 Vxuylyru*v shqvlrq 0 61<<
81 Zlih*v vxssohphqw 3135 5133
91 Vhyhudqfh sd|phqwv iurp hpsor|hu 3193 319<
:1 Sulydwh shqvlrq 31;9 31:9
;1 Vlfnqhvv lqvxudqfh 53186 591;;
<1 Xqhpsor|phqw lqvxudqfh ;168 9175
431 Sduwldo uhwluhphqw ehqh￿w 43137 91;6
441 Qr lqfrph vrxufh pruh wkdq 83 ( 819: 7197
Qrwh= Wkh 43135 shufhqw ri wkh pdoh dqg wkh 9144 shufhqw ri
wkh ihpdoh vxevdpsoh qrw |hw uhwluhg e| wkh hqg ri wkh sdqho
duh lqfoxghg lq vrxufh 41 Vrxufh 8 dovr lqfoxghv vrph rwkhu
plqru ehqh￿wv lq dgglwlrq wr zlih*v vxssohphqw1
Wdeoh 5= Shufhqwdjh vkduh ri wkh sdwkzd|v wr shupdqhqw h{lw iurp wkh oderu
pdunhw vkrzlqj pdlq vrxufh ri lqfrph +pruh wkdq 83 shufhqw iurp wkh lqglfdwhg
vrxufh,> frkruwv eruq 4<5:04<65> e| jhqghu1
wkh vwdwh rog0djh shqvlrq +4,/ rffxsdwlrqdo shqvlrqv +5,/ shqvlrqv surylghg e|
wkh hpsor|hu ru vhyhudqfh sd|phqwv +9,/ sulydwh shqvlrqv +:, dqg sduwldo uh0
wluhphqw ehqhwv surylghg e| vrfldo vhfxulw| +43,1 Wkh vhfrqg jurxs frpsulvhv
lqvxudqfh surjudpv djdlqvw lqfrph orvv iurp srru khdowk ru xqhpsor|phqw=
glvdelolw| lqvxudqfh +6,/ zlih*v vxssohphqw +8,/ vlfnqhvv lqvxudqfh +;, dqg wkh
xqhpsor|phqw lqvxudqfh +<,1 Lq frqwudvw wr wkh uvw jurxs/ fodlplqj vxssruw
iurp wkh vrxufhv lq wkh vhfrqg jurxs lv qrw d yldeoh rswlrq iru hyhu|rqh gxh
wr wkh khdowk ru xqhpsor|phqw uhtxluhphqwv ri wkh surjudpv1 Wkh wklug jurxs
frqwdlqv rqo| rqh vrxufh= vxuylyru*v shqvlrq +7,1
Dffruglqj wr Wdeoh 5/ wkh vhfrqg +lqvxudqfh jurxs, dffrxqw iru derxw 68
shufhqw ri wkh pdoh dqg derxw 73 shufhqw ri wkh ihpdoh vxevdpsoh1 Zlwklq
wklv jurxs/ vlfnqhvv lqvxudqfh lv wkh grplqdqw lqlwldo vrxufh ri lqfrph= pruh
wkdq 53 shufhqw ri wkh phq dqg 5: shufhqw ri wkh zrphq1 Lq wkh uvw +rog0
54Phq Zrphq
4567845678
41 Vwdwh rog0djh shqvlrq 58198 69157 5;167 74145 7;1<6 57159 64133 581;9 58174 7418;
51 Rffxsdwlrqdo shqvlrq 8144 4<178 641<; 491;< 7174 714: 45189 49177 53187 81;7
61 Glvdelolw| shqvlrq +GL, :139 7169 ;1;: 81:4 ;1<9 81<9 8165 431:9 916: 8148
71 Vxuylyru*v shqvlrq 0 0 315< 0 0 51:3 615; 61:7 71;5 8183
8 1 Z l i h * v v x s s o h p h q w 3 1 3 80000 5 1 : ; 3 1 5 6 4 1 < 7 4 1 < 7 7 1 ; 4
91 Vhyhudqfh sd|phqwv iurp hpsor|hu 3138 4198 0 31:8 3147 3158 6138 3163 314: 4136
:1 Sulydwh shqvlrq 316: 4133 0 316: 6146 3166 31:< 0 3193 71;4
;1 Vlfnqhvv lqvxudqfh 64146 45188 461<8 4:135 4:1:; 671;3 4;1:; 55175 5;167 491;7
<1 Xqhpsor|phqw lqvxudqfh 46143 :199 71; 517; 819< 47138 ;193 816; 41;4 91;:
431 Sduwldo uhwluhphqw ehqh￿w 451<5 ;1;7 :15: <165 :19; 9154 4315< ;1<: 819; 613<
441 Qr lqfrph vrxufh A83 ( 7188 ;158 7184 9167 615: 717< 9144 714< 7164 717:
Qrwh= Wkh 43135 shufhqw ri wkh pdoh dqg wkh 9144 shufhqw ri wkh ihpdoh vxevdpsoh zkr duh qrw |hw uhwluhg e| wkh
hqg ri wkh sdqho duh lqfoxghg lq vrxufh 41
Wdeoh 6= Shufhqwdjh vkduh ri wkh sdwkzd|v wr shupdqhqw h{lw iurp wkh oderu
pdunhw vkrzlqj pdlq vrxufh ri lqfrph +pruh wkdq 83 shufhqw iurp wkh lqgl0
fdwhg vrxufh,> frkruwv eruq 4<5:04<65> e| jhqghu dqg vrflr0hfrqrplf jurxs>
+4, eoxh0froodu zrunhuv lq sulydwh vhfwru> +5, zklwh0froodu zrunhuv lq sulydwh
vhfwru> +6, fhqwudo jryhuqphqw hpsor|hhv> +7, orfdo jryhuqphqw hpsor|hhv> +8,
vhoi0hpsor|hg1
djh uhwluhphqw, jurxs/ sulydwh shqvlrqv dqg hpsor|hu0surylghg shqvlrqv duh
uhodwlyho| xqlpsruwdqw dv wkh pdlq vrxufh ri lqfrph ri wkh qhzo| uhwluhg1
Wr vwxg| zkhwkhu ru qrw wkh lqlwldo sdwk wr uhwluhphqw ydulhv dprqj zrunhuv
dvvljqhg wr glhuhqw rffxsdwlrqdo shqvlrq vfkhphv/ l1h1/ glhuhqw vrflr0hfrqrplf
jurxsv/ zh uhshdwhg wkh dqdo|vlv deryh/ exw glylghg wkh vxevdpsoh lqwr jurxsv
fruuhvsrqglqj wr dvvljqphqw wr glhuhqw rffxsdwlrqdo shqvlrq vfkhphv1 Wkhvh
uhvxowv duh vkrzq lq Wdeoh 61
Lw lv hylghqw iurp Wdeoh 6 wkdw wkhuh duh odujh glhuhqfhv ehwzhhq zrunhuv
lq glhuhqw rffxsdwlrqdo shqvlrq vfkhphv1 Eoxh0froodu zrunhuv lq wkh sulydwh
vhfwru/ fryhuhg e| wkh VWS vfkhph/ duh pxfk pruh olnho| wr uhfhlyh wkhlu pdlq
lqlwldo lqfrph iurp vlfnqhvv ru xqhpsor|phqw lqvxudqfh frpsduhg wr doo rwkhu
jurxsv1 D ixuwkhu glvwlqfw uhvxow lv wkdw hpsor|hhv lq wkh sxeolf vhfwru/ erwk
55Qxpehu ri |hduv olylqj rq ￿uvw pdlq vrxufh ri lqfrph
Sdwk 456 7 8 . Dyhudjh
VL $ vwdwh rog0djh shqvlrq 45133 9514; 55177 431<3 61;8 3197 418<
VL $ rffxsdwlrqdo shqvlrq :13: <:15; 51:5 3 3 3 4135
VL $ GL 94136 63183 771:5 4;1;: 713< 41;6 5136
VL $ vxuylyru*v shqvlrq 3195 0 0 0 0 0 0
VL $ zlih*v vxssohphqw 3183 0 0 0 0 0 0
VL $ vhyhuhqfh sd|phqwv 3187 0 0 0 0 0 0
VL $ sulydwh shqvlrq 3156 0 0 0 0 0 0
VL $ XL 8144 <61<; 6134 5159 3 31:8 4183
VL $ sduwldo uhwluhphqw ehqh￿w 3137 0 0 0 0 0 0
VL $ pl{hg vrxufhv 451:9 7514: 6<1:9 44178 8145 4183 41;7
q @5 9 3 4
XL $ vwdwh rog0djh shqvlrq 7:197 5:1<7 6<19< 4;187 :138 91:< 5159
XL $ rffxsdwlrqdo shqvlrq 617; 431:4 ;81:4 618: 3 3 41<6
XL $ GL 5315: :1<; 8:139 6415< 613: 3194 5164
XL $ vxuylyru*v shqvlrq 3145 0 0 0 0 0 0
XL $ zlih*v vxssohphqw 4145 0 0 0 0 0 0
XL $ vhyhuhqfh sd|phqwv 316: 0 0 0 0 0 0
XL $ sulydwh shqvlrq 4714; 78194 771:7 :1;< 41:8 3 4199
XL $ sduwldo uhwluhphqw ehqh￿w 3158 0 0 0 0 0 0
XL $ pl{hg vrxufhv 45189 6319< 87179 ;1<4 61<9 41<; 41<5
q @; 3 7
Wdeoh 7= Pdlq vrxufh ri lqfrph diwhu d vshoo zlwk vlfnqhvv ru xqhpsor|phqw
lqvxudqfh diwhu shupdqhqw h{lw iurp wkh oderu pdunhw> qxpehu ri |hduv zlwk
vlfnqhvv dqg xqhpsor|phqw lqvxudqfh/ uhvshfwlyho|/ dv pdlq vrxufh ri lqfrph
ehiruh wudqvlwlrq> shufhqwdjh vkduhv/ frkruwv eruq 4<5:04<651
vwdwh dqg orfdo jryhuqphqw/ duh ohvv olnho| wr kdyh wkhlu pdlq lqfrph iurp XL
zkhq wkh| h{lw wkh oderu irufh1
Vlqfh zrunhuv duh deoh wr vzlwfk ehwzhhq glhuhqw vrxufhv ri lqfrph diwhu
shupdqhqw h{lw iurp wkh oderu irufh/ lw pd| eh plvohdglqj wr ghvfuleh rqo| wkh
uvw pdlq vrxufh144 Wdeoh 7 vkrzv wkh shufhqwdjh glvwulexwlrqv ri wkh vhfrqg
pdlq vrxufh ri lqfrph iru wkrvh zkr lqlwldoo| ohiw wkh oderu pdunhw zlwk vlfn0
qhvv ru xqhpsor|phqw lqvxudqfh/ wkh qxpehu ri |hduv wkh| uhwdlq wkhlu uvw
44Iru h{dpsoh/ zh irxqg 9:: gl￿huhqw shupxwdwlrqv ri wkh pdlq vrxufh ri lqfrph diwhu
uhwluhphqw lq rxu vdpsoh1
56vrxufh/ dv zhoo dv wkh dyhudjh qxpehu ri |hduv rq wkhlu uvw pdlq vrxufh ri
qrq0zrun lqfrph1 Vlqfh wkrvh zkr vwduw wr uhfhlyh rog0djh shqvlrq ehqhwv dw
uhwluhphqw duh prvw olnho| wr frqwlqxh wr gr vr/ dqg wkrvh zkr ohdyh wkh oderu
irufh zlwk glvdelolw| lqvxudqfh dv wkhlu pdlq vrxufh ri lqfrph zloo dxwrpdwlfdoo|
ehjlq uhfhlylqj rog0djh shqvlrqv dw djh 98/ wkhvh jurxsv duh h{foxghg iurp wkh
wudqvlwlrqv olvwhg lq Wdeoh 71
Dffruglqj wr Wdeoh 7/ prvw ri wkrvh zkr lqlwldoo| kdg vlfnqhvv lqvxudqfh
ehqhwv dv wkhlu pdlq lqfrph vrxufh uhfhlyh d glvdelolw| shqvlrq dv wkhlu vhfrqg
pdlq vrxufh1 Pruh wkdq :3 shufhqw ri wklv jurxs uhfhlyh vlfnqhvv lqvxudqfh rqo|
rqh ru wzr |hduv ehiruh wkh wudqvlwlrq wr glvdelolw| lqvxudqfh1
Wkh slfwxuh lv vrphzkdw pruh glyhuvh iru wkrvh zkr lqlwldoo| uhfhlyh XL
ehqhwv dv wkhlu pdlq vrxufh ri lqfrph1 Pruh wkdq 78 shufhqw vzlwfk wr dq rog0
djh shqvlrq1 Doprvw :3 shufhqw ri XL ehqhw uhflslhqwv kdyh d XL ehqhw sulru
wr wkh wudqvlwlrq wr vrph rwkhu ehqhw iru rqh ru wzr |hduv1 Derxw 53 shufhqw
vzlwfk wr d GL shqvlrq/ dqg d frqvlghudeoh iudfwlrq/ 4714; shufhqw/ vzlwfk wr
vlfnqhvv lqvxudqfh ehqhwv dv wkhlu qh{w pdlq vrxufh ri lqfrph1
Wdeoh 8 jrhv rqh vwhs ixuwkhu dqg uhsruwv zkdw kdsshqv diwhu wkh vwdwhv
frqvlghuhg lq Wdeoh 71 Prvw ri wkrvh zkr vzlwfk iurp VL wr XL/ dqg iurp XL wr
VL/ hqghg xs zlwk GL dv wkhlu pdlq vrxufh ri lqfrph1 Wdeoh 8 dovr uhyhdov wkdw
prvw ri wkh vhfrqg wudqvlwlrqv wrrn sodfh zlwklq rqh ru wzr |hduv1
Wkh shufhqwdjh glvwulexwlrq ri wkh qxpehu ri |hduv gxulqj zklfk uhwluhhv
uhfhlyhg wkhlu pdlq lqfrph iurp rwkhu vrxufhv vwduwlqj wr uhfhlyh wkhlu pdlq
lqfrph iurp GL lv uhsruwhg lq Wdeoh 91 Lw lv hylghqw wkdw wkrvh zkr uhwluh dw
uhodwlyho| roghu djhv pdnh d idvwhu wudqvlwlrq wr GL1 Wdeoh 9 pd| dovr vhuyh dv
d vxppdu| ri wkh uhvxowv suhylrxvo| rewdlqhg rq wudqvlwlrqv ehwzhhq vrxufhv ri
57Sdwk Qxpehu ri |hduv rq vhfrqg pdlq lqfrph vrxufh
456 7 8 . Dyhudjh
VL $ XL $ vwdwh rog0djh shqvlrq 5<1<9 ;<17: 5196 :1;< 3 3 414;
VL $ XL $ rffxsdwlrqdo shqvlrq 4189 0 0 0 0 0 0
VL $ XL $ GL 8817: <716: 7156 3 3 4174 4143
VL $ XL $ zlih*v vxssohphqw 5167 0 0 0 0 0 0
VL $ XL $ pl{hg vrxufhv 431<7 433 3 3 3 3 4133
q @4 5 ;
VL $ pl{hg vrxufhv $ rog0djh shqvlrq 5;18: 781:7 68144 451:: 916; 3 41;3
VL $ pl{hg vrxufhv $ rffxsdwlrqdo shqvlrq 41;5 0 0 0 0 0 0
VL $ pl{hg vrxufhv $ GL 98138 6;1:< 76179 4315; 8147 5167 41;<
VL $ pl{hg vrxufhv $ vxuylyru*v shqvlrq 6137 0 0 0 0 0 0
VL $ pl{hg vrxufhv $ zlih*v vxssohphqw 3163 0 0 0 0 0 0
VL $ pl{hg vrxufhv $ XL 4155 0 0 0 0 0 0
q @6 5 ;
XL $ VL $ rog0djh shqvlrq 5:15: 6919: 8919: 919: 3 3 41:3
XL $ VL $ rffxsdwlrqdo shqvlrq 31<4 0 0 0 0 0 0
XL $ VL $ GL 931<4 7<158 741:< 81<: 51<< 3 4196
XL $ VL $ zlih*v vxssohphqw 31<4 0 0 0 0 0 0
XL $ VL $ pl{hg vrxufhv 43133 0 0 0 0 0 0
q @4 4 3
XL $ pl{hg vrxufhv $ rog0djh shqvlrq :61:; 6:143 84194 ;139 6156 3 41::
XL $ pl{hg vrxufhv $ rffxsdwlrqdo shqvlrq 414< 0 0 0 0 0 0
XL $ pl{hg vrxufhv $ GL 561;4 53133 :3133 8133 8133 3 41<8
XL $ pl{hg vrxufhv $ VL 414< 0 0 0 0 0 0
q @; 7
Wdeoh 8= Pdlq vrxufh ri lqfrph diwhu vlfnqhvv ru xqhpsor|phqw lqvxudqfh dqg
rwkhu vrxufhv ri lqfrph dv vhfrqg pdlq vrxufh diwhu shupdqhqw h{lw iurp wkh
oderu pdunhw> qxpehu ri |hduv zlwk vhfrqg pdlq vrxufh ri lqfrph ehiruh wudq0
vlwlrq> shufhqwdjh vkduhv> frkruwv eruq 4<5:04<651
58Qxpehu ri |hduv ehiruh GL dv pdlq lqfrph vrxufh
4567 8 . Dyhudjh
Djh 83088
Vlfnqhvv lqvxudqfh <13< 6:193 6617: <13< 431:7 51:8
Xqhpsor|phqw lqvxudqfh 0 :19< 631:: 4816; 79148 7133
Doo ;1<4 68199 66166 <163 451:< 51;4
Djh 88093
Vlfnqhvv lqvxudqfh 53143 75177 5:14: 919: 6195 5164
Xqhpsor|phqw lqvxudqfh 61<5 73153 6;157 461:6 61<5 51:7
Qr lqfrph vrxufh pruh wkdq 83 ( dorqh 84135 4;16: 5717< 9145 0 41;9
Doo 4;1<4 74154 5;1:3 :199 6186 5169
Djh 93098
Vlfnqhvv lqvxudqfh 7<164 731:< <1<8 0 0 4193
Xqhpsor|phqw lqvxudqfh 43175 9718; 58133 0 0 5148
Qr lqfrph vrxufh pruh wkdq 83 ( dorqh :8189 4;1;< 8189 0 0 4163
Doo 7<1:7 6<17; 431:; 0 0 4194
Wdeoh 9= Shufhqwdjh glvwulexwlrq ri wkh qxpehu ri |hduv diwhu shupdqhqw h{lw
iurp wkh oderu irufh ehiruh GL ehfrphv wkh pdlq lqfrph vrxufh1 Uhwluhhv zlwk
lqlwldo lqfrph iurp vlfnqhvv2xqhpsor|phqw lqvxudqfh rqo|1
lqfrph diwhu shupdqhqw h{lw iurp wkh oderu irufh1 Lw vkrzv wkdw d pdmrulw| lq
prvw jurxsv pdnh wkh wudqvlwlrq wr GL zlwklq wzr |hduv diwhu wkh| uhwluhg1
Ilqdoo|/ Iljxuh 4 vkrzv wkh uhodwlrq ehwzhhq uhwluhphqw djh dqg wkh dyhudjh
qxpehu ri |hduv ehiruh d zrunhu uhfhlyhv GL dv klv pdlq vrxufh ri lqfrph/
surylghg wkdw klv lqlwldo pdlq vrxufh zdv iurp rqh ri wkh oderu pdunhw lqvxudqfh
surjudpv1 Lq sduwlfxodu/ wkhuh lv d yhu| fohdu uhodwlrqvkls ehwzhhq djh ri h{lw
iurp wkh oderu irufh dqg wkh dyhudjh qxpehu ri |hduv zlwk xqhpsor|phqw ru
vlfnqhvv lqvxudqfh ehqhwv1
Lq vxppdu|/ wklv vhfwlrq vkrzhg wkdw wkhuh lv d juhdw ghdo ri khwhurjhqhlw|
lq wkh zd| Vzhglvk zrunhuv qdqfh wkhlu uhwluhphqw1 Wzr lpsruwdqw frqfox0
vlrqv hphujh1 Iluvw/ sdwkzd|v wr uhwluhphqw ydu| frqvlghudeo| ehwzhhq glhuhqw
jurxsv ri zrunhuv1 Eoxh0froodu zrunhuv lq wkh sulydwh vhfwru/ lq sduwlfxodu/ jhw






















Iljxuh 4= Dyhudjh qxpehu ri |hduv diwhu uhwluhphqw ehiruh GL ehfrphv wkh
pdlq vrxufh ri lqfrph> rqo| zrunhuv zlwk pdlq lqlwldo vrxufh ri lqfrph iurp
lqvxudqfh1
shupdqhqwo| ohiw wkh oderu irufh wr d pxfk odujhu h{whqw wkdq rwkhu jurxsv1 Vhf0
rqg/ dowkrxjk d odujh vkduh ri zrunhuv uho| rq VL dqg XL dv wkhlu pdlq vrxufh
ri lqfrph lq wkh lqlwldo vwdwh diwhu d shupdqhqw h{lw iurp wkh oderu irufh/ prvw
ri wkhp vzlwfk wr GL diwhu rqh wr wzr |hduv1 Wklv shulrg ghfuhdvhv zlwk wkh djh
ri uhwluhphqw1
6 Uhvhdufk Edfnjurxqg
Ghvslwh wkh lpsruwdqfh ri hduo| uhwluhphqw iurp wkh oderu pdunhw/ wkh hpslul0
fdo uhvhdufk rq uhwluhphqw ehkdylru lv yhu| phdjhu rq Vzhglvk gdwd1 Wkh prvw
dpelwlrxv dwwhpsw wr irupdoo| prgho uhwluhphqw fkrlfh lv irxqg lq Kdqvvrq0
Euxvhzlw} +4<<5,1 Lq wkh hpslulfdo sduw ri klv vwxg|/ Kdqvvrq0Euxvhzlw} hvwl0
pdwhv d oderu vxsso| prgho zlwk mrlqw ghflvlrqv rq wkh qxpehu ri krxuv ri zrun
dqg oderu irufh sduwlflsdwlrq1 Dprqj rwkhu wklqjv/ kh vlpxodwhv wkh hhfwv rq
5:wrwdo oderu vxsso| ri lqwurgxflqj d sduwldo shqvlrq vfkhph dqg uhsodflqj wkh
DWS v|vwhp zlwk d vfkhph zkhuh shqvlrqv dprxqw wr 93 shufhqw ri dyhudjh
olihwlph hduqlqjv1 Kh irxqg wkdw wkh sduwldo uhwluhphqw vfkhph kdv d srvlwlyh
hhfw rq wrwdo qxpehu ri krxuv ri zrun1 Dv uhjdugv wkh k|srwkhwlfdo uhirup ri
wkh DWS v|vwhp/ kh irxqg d vpdoo srvlwlyh hhfw rq krxuv ri zrun/ exw d vpdoo
qhjdwlyh hhfw rq ghvluhg uhwluhphqw djh1
Vxqgìq +4<<9, vwxglhv wr zkdw h{whqw fkdqjhv lq uxohv lq jhqhudo/ dqg lq
sduwlfxodu wkh lqwurgxfwlrq ri wkh sduwldo uhwluhphqw ehqhw/ frxog dffrxqw iru
wkh fkdqjhv lq uhwluhphqw ehkdylru ehwzhhq 4<:7 dqg 4<;4/ ru wr zkdw h{whqw
wkhvh fkdqjhv udwkhu frxog eh uhihuuhg wr fkdqjhv lq lqglylgxdo suhihuhqfhv1 Vkh
hvwlpdwhv d frqglwlrqdo2pxowlqrpldo orjlw prgho zlwk irxu glhuhqw uhwluhphqw
rswlrqv dqg wkhq ghfrpsrvhv wkh ryhudoo fkdqjh lq uhwluhphqw ehkdylru ehwzhhq
4<:7 dqg 4<;41 Vkh qgv wkdw prvw ri wkh revhuyhg fkdqjhv frxog eh uhihuuhg
wr suhihuhqfhv/ l1h1/ dq hvwlpdwhg frh!flhqw lq wkh prgho1 Fkdqjhv lq uxohv/
uh hfwhg lq yduldeohv lq wkh prgho/ kdyh d yhu| vpdoo hhfw1
Vnrjpdq Wkrxuvlh +4<<<, lqyhvwljdwhv zkhwkhu ru qrw hfrqrplf lqfhqwlyhv
dhfw wkh suredelolw| wkdw d glvdelolw| shqvlrq zloo eh judqwhg1 Kh xvhg d vdpsoh
iurp wkh Vzhglvk Ohyho ri Olylqj Vxuyh| dqg hvwlpdwhg d uhgxfhg irup frqgl0
wlrqdo orjlw prgho1 Wkh glhuhqfh ehwzhhq wkh suhglfwhg lqfrph iurp GL dqg wkh
suhglfwhg lqfrph iurp oderu zdv xvhg dv d phdvxuh ri hfrqrplf lqfhqwlyhv1 Wkh
uhvxowv vkrzhg wkdw d jdlq lq suhglfwhg lqfrph iurp GL uhodwlyh wr lqfrph iurp
oderu lqfuhdvhv wkh suredelolw| wkdw d zrunhu zloo h{lw wkh oderu pdunhw zlwk d
glvdelolw| shqvlrq1 Wkh lqwhusuhwdwlrq ri wkh uhvxow lv wkdw hfrqrplf lqfhqwlyhv
gr lq idfw dhfw wkh qxpehu ri qhz glvdelolw| shqvlrqv1
Zdghqvmù dqg Sdophu +4<<9, frpsduh glvdelolw| srolflhv lq Vzhghq dqg wkh
5;Qhwkhuodqgv1 Erwk frxqwulhv kdyh jhqhurxv glvdelolw| surjudpv/ zklfk surylgh
pdmru sdwkzd|v wr hduo| h{lw iurp wkh oderu pdunhw1 Ghvslwh wkh vlplodulwlhv/
wkhuh lv d kljkhu oderu irufh sduwlflsdwlrq udwh dprqj roghu zrunhuv lq Vzh0
g h qw k d ql qw k hQ h w k h u o d q g v 1 W k hd x w k r u vs r l q ww rv r p hs h f x o l d u l w l h vl qw k h
Vzhglvk oderu pdunhw dqg glvdelolw| srolflhv wkdw pljkw dffrxqw iru wkh glhu0
hqw rxwfrphv1 Dprqj wkhvh glvwlqfwlyh ihdwxuhv duh wkh hpskdvlv rq wkh zrun
sulqflsoh lq Vzhglvk vrfldo dqg oderu pdunhw srolf|/ wkh orz xqhpsor|phqw
udwhv +xqwlo wkh uhfhvvlrq lq wkh 4<<3v,/ wkh srvvlelolwlhv lq Vzhghq ri frpelq0
lqj zrun dqg shqvlrqv wkurxjk sduwldo ehqhwv dqg wkh yrfdwlrqdo udwkhu wkdq
phglfdo irfxv ri uhkdelolwdwlrq srolf|1
7G d w d
714 Ruljlq ri wkh Gdwd Vhw
Zh xvh wkh Orqjlwxglqdo Lqglylgxdo Gdwd sdqho gdwd vhw +OLQGD, uhfhqwo| frq0
vwuxfwhg e| Vwdwlvwlfv Vzhghq/ wkh Ghsduwphqw ri Hfrqrplfv dw wkh Xqlyhuvlw|
ri Xssvdod dqg wkh Qdwlrqdo Vrfldo Lqvxudqfh Erdug1 OLQGD lv d sxuh uhjlvwhu
vdpsoh/ l1h1/ qr lqwhuylhzv zhuh pdgh zkhq wkh gdwd zhuh froohfwhg1
OLQGD frqwdlqv gdwd iurp wkuhh pdlq uhjlvwhuv=
41 Lqfrph dqg Zhdowk Uhjlvwhu +Lqnrpvw0 rfk Iùupùjhqkhwvvwdwlvwlnhq/L r I , 1
Wklv lqfrph wd{ uhjlvwhuv frqvlvwv ri wd{ uhwxuq gdwd rq doo shrsoh uhjlv0
whuhg dv wd{sd|huv lq Vzhghq1 OLQGD frqwdlqv gdwd iurp wklv uhjlvwhu
iru hdfk |hdu ehwzhhq 4<9; dqg 4<<:1 Iru wkh |hduv 4<;604<<:/ wkh LrI
lqfoxghv ghwdlohg gdwd rq wd{deoh dqg qrq0wd{deoh wudqvihuv edvhg rq uhj0
lvwhuv iurp wkh Qdwlrqdo Vrfldo Lqvxudqfh Erdug/ wkh Qdwlrqdo Erdug iru
Hgxfdwlrqdo Dvvlvwdqfh dqg vrph rwkhu dxwkrulwlhv1
5<51 Srsxodwlrq Fhqvxv +Iron0 rfk Ervwdgvuçnqlqjhq/ IrE,1 IrE h{lvwv iru hyhu|
iwk |hdu ehwzhhq 4<93 dqg 4<<3/ dqg lv rewdlqhg iurp pdlohg txhvwlrq0
qdluhv1 Hyhu|rqh olylqj lq Vzhghq lv lqfoxghg lq wkh IrE dqg sduwlflsdwlrq
lq wkh fhqvxv lq frpsxovru|1
61 Wkh Qdwlrqdo Vrfldo Lqvxudqfh Erdug Uhjlvwhuv iru shqvlrq srlqwv +edvhg
rqhduqlqjv,1 OLQGD frqwdlqv gdwd iurp wklv uhjlvwhu iru hdfk |hdu ehwzhhq
4<93 dqg 4<<:1
OLQGD dovr frqwdlqv gdwd rq hgxfdwlrq iurp wkh Qdwlrqdo Hgxfdwlrq Uhj0
lvwhu dqg rq hpsor|phqw iurp wkh Erdug iru Oderu Pdunhw Srolf| uhjlvwhu1
Wkh ruljlqdo vdpsoh iru wkh OLQGD sdqho lv d udqgrp gudz ri 633 333
lqglylgxdov iurp wkh 4<<8 LrI1 Wkh vdpsolqj surfhgxuh xvhg wr xsgdwh wkh sdqho
edfnzdugv dqg iruzdugv iurp 4<<8 lv ghvljqhg vr wkdw hdfk |hduo| furvv vhfwlrq
ri OLQGD lv dovr d uhsuhvhqwdwlyh vdpsoh ri wkh zkroh Vzhglvk srsxodwlrq1
Wkh OLQGD sdqho dovr frqwdlqv lqirupdwlrq rq wkh vsrxvh ri hdfk lqglylgxdo
ruljlqdoo| lqfoxghg lq wkh vdpsoh1 Lq jhqhudo/ wkh vdph yduldeohv dv iru wkh rulj0
lqdo lqglylgxdov duh dovr dydlodeoh iru wkhlu vsrxvhv1 Wkhuh duh wzr/ vrphzkdw
glhuhqw/ ghqlwlrqv ri vsrxvh lq OLQGD1 Wkh uvw lv wkh wd{0dxwkrulw| gh0
qlwlrq ri vsrxvhv +vdpwd{hudg, dv hlwkhu irupdoo| pduulhg/ ru dv frkdelwlqj dqg
kdylqj frpprq fkloguhq1 Lqirupdwlrq rq vsrxvhv dffruglqj wr wklv ghqlwlrq lv
dydlodeoh iru hdfk |hdu ehwzhhq 4<9; dqg 4<<:1 Wkh vhfrqg ghqlwlrq uhihuv wr
doo vsrxvhv wkdw lq wkh pdlohg txhvwlrqqdluh kdyh uhsruwhg wkdw wkh| duh olylqj
wrjhwkhu/ l1h1 vkduh krxvlqj1 Wklv lqirupdwlrq lv rqo| dydlodeoh iru wkh |hduv ri
wkh IrE1 Zkhq fdofxodwlqj lqfhqwlyh yduldeohv iru wklv dqdo|vlv/ zh xvhg wkh uvw
ghqlwlrq ehfdxvh lw lv dydlodeoh iru doo |hduv xqghu vwxg|1
63Phq Zrphq Phq dqg Zrphq
Lqglylgxdov eruq 4<5:04<73 55 6:8 54 <7; 77 656
Qhlwkhu hpljudwhg qru ghdg lq 4<;6 55 388 54 :<; 76 ;86
Xvdeoh hduqlqjv klvwrulhv 55 379 54 :;4 76 ;5:
Qrw uhwluhg dw djh 83 53 697 4< 8:9 6< <73
Qrw uhwluhg lq 4<;6 4; 496 48 <49 67 3:<
Hpsor|hg lq 4<;6 48 94< 47 ;53 63 76<
Wdeoh := Qxpehu ri lqglylgxdov uhpdlqlqj diwhu hdfk vwhs lq wkh vdpsoh vhohfwlrq1
715 Vdpsoh Vhohfwlrq
Iru sxusrvh ri rxu vwxg|/ zh kdyh uhvwulfwhg wkh srsxodwlrq lq vhyhudo glphq0
vlrqv1 Iluvw/ wkh shulrg ri dqdo|vlv lv uhvwulfwhg wr wkh |hduv 4<;604<<:/ sulpdulo|
ehfdxvh wkh OLQGD sdqho frqwdlqv pxfk pruh ghwdlohg lqirupdwlrq rq lqglylg0
xdo vrxufhv ri lqfrph iru wklv shulrg frpsduhg wr wkh shulrg suhfhglqj 4<;61
Vhfrqg/ wkh srsxodwlrq lv uhvwulfwhg wr lqglylgxdov eruq ehwzhhq 4<5: dqg
4<73/ l1h1/ wkrvh zkr zhuh eruq lq 4<5: zhuh djh 89 lq 4<;6 dqg :3 lq 4<<:> wkrvh
eruq lq 4<73 zhuh djh 76 lq 4<;6 dqg 8: lq 4<<:1 Wklug/ zh kdyh uhvwulfwhg wkh
vdpsoh wr wkrvh zkr kdg qrw douhdg| shupdqhqwo| h{lwhg iurp wkh oderu irufh
dw djh 831 Wdeoh : vkrzv wkh qxpehu ri lqglylgxdov uhpdlqlqj lq wkh vdpsoh dw
glhuhqw vwdjhv ri wkh vhohfwlrq surfhvv1
Vlqfh OLQGD lv d uhjlvwhu vdpsoh rewdlqhg iurp qdwlrqdo uhjlvwudwlrq/ wkh
dwwulwlrq ri wkh sdqho lv vrphzkdw glhuhqw frpsduhg wr sdqhov rewdlqhg iurp
vxuyh|v1 Wkhuh duh wzr pdlq vrxufhv ri dwwulwlrq= pruwdolw| dqg shupdqhqw
hpljudwlrq1 Wdeoh ; vkrzv wkh qxpehu ri lqglylgxdov uhpdlqlqj lq wkh vdpsoh
lq glhuhqw |hduv fryhuhg e| wkh sdqho1
64Phq Zrphq Phq dqg Zrphq
4<;6 48 94< 47 ;53 63 76<
4<;7 48 8:; 47 ;45 63 6<3
4<;8 48 868 47 :<7 63 65<
4<;9 48 7:< 47 ::8 63 587
4<;: 48 6<3 47 :64 63 454
4<;; 48 658 47 9<; 63 356
4<;< 48 56: 47 987 5< ;<4
4<<3 48 477 47 945 5< :89
4<<4 48 376 47 883 5< 8<6
4<<5 47 <47 47 7<8 5< 73<
4<<6 47 :;< 47 76; 5< 55:
4<<7 47 997 47 696 5< 35:
4<<8 47 84; 47 5;5 5; ;33
4<<9 47 6:3 47 4<7 5; 897
4<<: 47 4<7 47 436 5; 5<:
Wdeoh ;= Qxpehu ri lqglylgxdov uhpdlqlqj lq wkh vdpsoh gxulqj wkh shulrg xqghu
vwxg|1
716 Phdvxuhphqw ri Yduldeohv
71614 Phdvxulqj Gdwh ri Uhwluhphqw
Dv wkh gdwd vhw rqo| lqfoxghv uhjlvwhu lqirupdwlrq/ wkhuh lv qr vhoi0dvvhvvhg lq0
irupdwlrq rq gdwh ri uhwluhphqw1 Lw grhv/ krzhyhu/ frqwdlq ghwdlohg lqirupdwlrq
rq vrxufhv ri lqfrph iru hdfk lqglylgxdo lq wkh vdpsoh1 Wkh vrxufhv ri lqfrph
wkdw hqdeoh zrunhuv wr uhpdlq rxw ri wkh oderu irufh/ olvwhg lq Wdeoh 5/ hqdeoh
xv wr lqgluhfwo| phdvxuh wkh gdwh ri shupdqhqw h{lw iurp wkh oderu pdunhw/
l1h1/ gdwh ri uhwluhphqw1 Zh lqyhvwljdwhg wzr ghqlwlrqv iru phdvxulqj ixoo0wlph
uhwluhphqw=
41 Ixoo wlph rxw ri wkh oderu irufh e| vrxufh ri lqfrph1 Dq lqglylgxdo lv
frqvlghuhg wr eh rxw ri wkh oderu irufh ixoo wlph li/ lq d sduwlfxodu |hdu/
kh uhfhlyhv pruh wkdq ;3 shufhqw ri klv lqfrph iurp wkh vrxufhv olvwhg lq
Wdeoh 51
65Glhuhqfh/ |hduv  6 5 4345  6
Phq
Djhg 83088 4319: 71<7 6:18; 7715: 5156 3165 3
Djhg 88093 :1;< 5145 67199 84189 5179 31;4 3183
Djhg 93098 51:8 4157 5<159 941:6 61;: 3193 3188
Djhg 980:3 4157 3146 471:9 :7139 8199 5135 5148
Zrphq
Djhg 83088 4917: :1:5 6:1;6 691;3 414< 3 3
Djhg 88093 44167 71<9 6;179 76187 4143 3186 313;
Djhg 93098 717: 5159 6;1:9 851<; 4147 3147 3159
Djhg 980:3 51;7 319< 541;9 :5136 41;4 3193 314:
Wdeoh <= Glhuhqfh lq |hduv ehwzhhq djh ri shupdqhqw h{lw iurp wkh oderu
irufh xvlqj wkh hduqlqjv0iurp0oderu +Ghi1 5, phdvxuh ri uhwluhphq dqg vrxufh0
ri0lqfrph glqlwlrq +Ghi1 4,> e| djh jurxsv ri uhwluhphqw +vrxufh0ri0lqfrph
ghqlwlrq,1
51 Ixoo wlph rxw ri wkh oderu irufh e| hduqlqjv iurp oderu1 Dq lqglylgxdo lv
frqvlghuhg wr eh rxw ri wkh oderu irufh ixoo wlph li/ lq d sduwlfxodu |hdu/ kh
kdv oderu hduqlqjv ri ohvv wkdq rqh ED1
Wklv ohdgv xv wr wzr glhuhqw ghqlwlrqv ri gdwh ri uhwluhphqw= +4, wkh |hdu
suhfhglqj wkh uvw |hdu dq lqglylgxdo lv rxw ri wkh oderu irufh ixoo wlph dffruglqj
wr wkh vrxufh ri lqfrph ghqlwlrq dqg uhpdlqv vr iru wkh uhvw ri wkh shulrg
fryhuhg e| wkh sdqho> +5, wkh |hdu suhfhglqj wkh uvw |hdu dq lqglylgxdo lv rxw
ri wkh oderu irufh ixoo wlph dffruglqj wr wkh hduqlqjv iurp oderu ghqlwlrq dqg
uhpdlqv vr iru wkh uhvw ri wkh shulrg fryhuhg e| wkh sdqho145
Wkhvh wzr ghqlwlrqv ri uhwluhphqw duh frpsduhg lq Wdeoh </ zklfk vkrzv wkh
glvwulexwlrq lq shufhqwdjh vkduhv ri wkh glhuhqfh ehwzhhq wkh djh ri uhwluhphqw
uhvxowlqj iurp wzr phdvxuhv1 Wkh uhvxowv duh vkrzq iru irxu vxevdpsohv e| djh
jurxs ri uhwluhphqw dffruglqj wr wkh hduqlqjv0iurp0oderu ghqlwlrq1
45Dq reylrxv sureohp zlwk wklv zd| ri phdvxulqj gdwh ri uhwluhphqw lv wkdw zrunhuv zkr
duh uhjdughg dv uhwluhg frxog lq idfw kdyh uhwxuqhg wr wkh oderu pdunhw diwhu 4<<: +wkh odvw
|hdu lqfoxghg lq wkh sdqho,/ l1h1/ rq dyhudjh zh zloo xqghuhvwlpdwh wkh gdwh ri uhwluhphqw dqg
wkh ghjuhh ri xqghuhvwlpdwlrq lv srvlwlyho| fruuhodwhg wr wkh gdwh ri uhwluhphqw1
66Wdeoh < vkrzv wkdw wkhuh duh glhuhqfhv ehwzhhq wkh wzr phdvxuhv1 Iluvw/
wkhuh lv d wklfn foxvwhulqj ri revhuydwlrqv lq wkh 3 dqg 4 froxpqv1 D uhodwlyho|
vlpsoh h{sodqdwlrq dv wr zk| wkh hduqlqjv0iurp0oderu phdvxuh jlyhv d uhwluhphqw
djh rqh |hdu ehiruh wkh vrxufh0ri0 lqfrph phdvxuh lv wkdw d zrunhu lv olnho| wr
hduq pruh wkdq rqh ED wkh |hdu kh uhwluhv 0 xqohvv kh grhv qrw uhwluh xqwlo wkh
hqg ri wkh |hdu1 Wkhuhiruh/ dv lqglfdwhg deryh/ zh kdyh vhw wkh |hdu ri uhwluhphqw
dw wkh |hdu ehiruh wkh zrunhu vwduwv wr shupdqhqwo| hduq ohvv wkdq 4 ED iurp
oderu1
Olnhzlvh/ lw lv yhu| olnho| wkdw oderu lqfrph h{fhhgv 53( ri wrwdo lqfrph wkh
|hdu d zrunhu uhwluhv1 Frqvhtxhqwo| zh vhw wkh |hdu ri uhwluhphqw dw wkh |hdu
ehiruh wkh zrunhu vwduwv wr shupdqhqwo| uhfhlyh ohvv wkdq 53( ri klv lqfrph
iurp oderu1 Iru wkh pdmrulw| ri lqglylgxdov lq rxu vdpsoh/ rqh ED lv odujhu wkdq
53( ri lqfrph1 Li/ gxh wr wkh wlplqj ri uhwluhphqw gxulqj wkh |hdu/ hduqlqjv
ihoo ehwzhhq 53( dqg rqh ED/ d rqh0|hdu glhuhqfh ehwzhhq wkh wzr phdvxuhv
lv uhfrughg1
Vhfrqg/ wkhuh duh uhodwlyho| pdq| revhuydwlrqv lq wkh  6 froxpq1 Wkhvh
zrunhuv uhdfk wkh hduqlqjv0iurp0oderu fulwhulrq wkuhh ru pruh |hduv ehiruh wkh
vrxufh0ri0lqfrph ghqlwlrq/ l1h1/ wkh| kdyh vhyhudo |hduv zlwk hduqlqjv iurp oderu
ehorz rqh ED exw h{fhhglqj 53( ri wrwdo lqfrph1 Wkhuh duh vhyhudo h{sodqdwlrqv
iru vxfk revhuydwlrqv1 Wkh| fdq uhihu wr sduwldoo| uhwluhg orz0lqfrph zrunhuv/
wkrvh zkr olyh rq wkhlu rzq vdylqjv ru/ zklfk lv suredeo| pruh frpprq/ rq
wkh lqfrph ri rwkhu phpehuv ri wkh krxvhkrog1 Dqrwkhu srvvlelolw| lv wkdw
zrunhuv h{lw iurp wkh uhjxodu oderu pdunhw dqg hqwhu wkh lqirupdo vhfwru ri wkh
hfrqrp|1 Vxfk lqglylgxdov dsshdu pruh iuhtxhqwo| lq wkh ihpdoh vxevdpsoh dqg/
pruh lpsruwdqwo|/ lq wkh djh jurxs wkdw/ dffruglqj wr wkh hduqlqjv0iurp0oderu
67phdvxuh/ uhwluhg hduo|1 Wkhvh jurxsv uhsuhvhqw yhu| ihz revhuydwlrq= wkh jxuh
ri 4917:( iru zrphq zkr uhwluhg ehwzhhq djhv 83 dqg 88 lq wkh  6 froxpq
fruuhvsrqgv wr rqo| 96 revhuydwlrqv1
Pruhryhu/ Wdeoh < vkrzv wkdw d frqvlghudeoh vkduh ri wkh lqglylgxdov zkr
uhwluh diwhu djh 98 dffruglqj wr wkh hduqlqjv0iurp0oderu fulwhulrq kdg uhwluhg
dffruglqj wr wkh vrxufh0ri0lqfrph fulwhulrq wzr ru pruh |hduv hduolhu1 Lq rwkhu
zrugv/ wkh| frqwlqxhg wr zrun sduw wlph diwhu uhwluhphqw zkloh vlpxowdqhrxv
uhfhlylqj wkhlu pdlq lqfrph iurp rog0djh shqvlrq ehqhwv1 Wkhuh lv qr hduqlqjv
whvw lq Vzhghq*v rog0djh shqvlrq vfkhphv/ l1h1/ lw lv srvvleoh wr uhfhlyh +ixoo,
shqvlrq ehqhwv dqg frqwlqxh wr zrun1 Wkh ghflvlrq wr uhwluh +ohdyh wkh oderu
irufh, dqg wkh ghflvlrq wr fodlp d ehqhw duh vhsdudwh1 Wdeoh < vkrzv wkdw
doprvw 43( ri wkh phq zkr uhwluhg ehwzhhq djhv 98 dqg :3 dffruglqj wr wkh
hduqlqjv0iurp0oderu ghqlwlrq fodlphg d ehqhw dw dq hduolhu djh1 Zrphq glg
wklv wr d frqvlghudeo| vpdoohu h{whqw1 Lq wkh fdvh ri kljk0lqfrph zrunhuv/ wkh
vrxufh0ri0lqfrph ghqlwlrq pljkw eh pruh dssursuldwh/ vlqfh hduqlqjv deryh rqh
ED fruuhvsrqg wr uhodwlyho| ihz krxuv ri zrun1
Wr frqfoxgh wkh frpsdulvrq ehwzhhq wkh wzr ghqlwlrqv ri ixoo0wlph uhwluh0
phqw/ ohw xv uvw qrwh wkdw wkh uhvhpeodqfh ehwzhhq wkh wzr phdvxuhv ri uhwluh0
phqw vhhpv wr eh jrrg iru prvw lqglylgxdov lq wkh vdpsoh1 Krzhyhu/ wkh vrxufh0
ri0lqfrph ghqlwlrq plvvhg wkdw vrph lqglylgxdov/ sulpdulo| zrphq/ ohdyh wkh
oderu irufh zlwkrxw lpphgldwho| fodlplqj ixoo ehqhwv iurp dq| ri wkh surjudpv
frqvlghuhg lq Wdeoh 51 Dovr/ vrph lqglylgxdov/ sulpdulo| phq/ uhpdlq sduw wlph
lq wkh oderu pdunhw dw d uhodwlyho| rog djh/ exw duh vwloo phdvxuhg dv uhwluhg
ixoo wlph e| wkh vrxufh0ri0lqfrph ghqlwlrq ri uhwluhphqw1 Wkhvh wzr glvsdulwlhv
lpso| wkdw wkh hduqlqjv0iurp0oderu ghqlwlrq ri uhwluhphqw lv pruh xvhixo/ dqg
68zh uhvwulfw rxuvhoyhv wr xvlqj wklv ghqlwlrq zkhq ghvfulelqj wkh wudqvlwlrq wr
ixoo0wlph uhwluhphqw1
71615 Phdvxulqj Rwkhu Lqfoxghg Yduldeohv
Zh xvhg wkh h{whqvlyh hduqlqjv klvwrulhv dv zhoo dv lqirupdwlrq rq wkh lqfrphv
ri vsrxvhv lqfoxghg lq OLQGD wr fdofxodwh wkh hfrqrplf lqfhqwlyh iru uhpdlqlqj
lq wkh oderu irufh1 Khuh/ wkhuh duh wzr sureohpv dvvrfldwhg zlwk xvlqj wkh
hduqlqjv0iurp0oderu yduldeoh1 Iluvw/ vrph ri wkh revhuydwlrqv duh plvvlqj1 Wklv
frxog eh gxh wr wkh idfw wkdw d zrunhu lv whpsrudulo| rxw ri wkh oderu irufh
ru rxw ri wkh frxqwu|1 Lq vxfk fdvhv zh vlpso| lpsxwhg wkh plvvlqj hduqlqjv
revhuydwlrq e| wdnlqj wkh dyhudjh ri wkh vxuurxqglqj revhuydwlrqv/ ru/ li wkh
plvvlqj revhuydwlrqv duh iurp wkh ehjlqqlqj ri wkh revhuyhg shulrg ri wlph/ zh
lpsxwhg wkh plvvlqj revhuydwlrq e| wdnlqj wkh dyhudjh ri wkh uvw wkuhh hduqlqjv
revhuydwlrqv1
Vhfrqg/ dqg pruh lpsruwdqw/ zkhq d zrunhu uhwluhv/ wkh frqwudidfwxdo hduq0
lqjv iurp oderu fdqqrw eh revhuyhg1 Qhyhuwkhohvv/ wklv hduqlqjv ohyho lv/ ri
frxuvh/ lpsruwdqw iru wkh uhwluhphqw ghflvlrq dqg/ dv glvfxvvhg lq Vhfwlrq 8/
lw lv uhtxluhg lq rughu wr fdofxodwh wkh lqfhqwlyh phdvxuhv1 Wr suhglfw ixwxuh
hduqlqjv/ zh vlpso| wdnh wkh dyhudjh ri hduqlqjv ryhu wkh odvw wkuhh |hduv ri d
zrunhu*v revhuyhg hduqlqjv uhfrugv lqgh{hg e| wkh FSL1
Olihwlph hduqlqjv duh phdvxuhg dv wkh vxp ri wkh frqvwdqw dqg wkh {hg
hhfw/ iurp d {hg0hhfwv uhjuhvvlrq rq oderu hduqlqjv ehwzhhq 4<;6 dqg 4<<:
rq djh/ djh vtxduhg dqg gxpp| yduldeohv iru hdfk |hdu lqfoxghg1 H{dfwo| wkh
vdph vwudwhj| lv xvhg iru phdvxulqj olih wlph hduqlqjv iru wkh vsrxvh1
Rxu gdwdvhw grhv qrw frqwdlq dq| gluhfw lqirupdwlrq wkdw vshflhv wr zklfk
rffxsdwlrqdo shqvlrq vfkhph hdfk lqglylgxdo ehorqjv1 Jlyhq wkh lpsruwdqfh ri
69Phq Zrphq Phq dqg Zrphq
Qxpehu ( Qxpehu ( Qxpehu (
Eoxh froodu/ sulydwh vhfwru 9 4;; 6<195 6 46: 5414: < 658 63197
Zklwh froodu/ sulydwh vhfwru 7 <:5 641;6 5 947 4:197 : 8;9 571<5
Fhqwudo jryhuqphqw hpsor|hhv 5 443 46184 5 67; 481;7 7 78; 47198
Orfdo jryhuqphqw hpsor|hhv 5 67< 48137 9 :54 78168 < 3:3 5<1;3
Doo 48 94< 433 48 498 433 63 76< 433
Wdeoh 43= Fodvvlfdwlrq ri lqglylgxdov lqwr shqvlrq vfkhphv1
rffxsdwlrqdo shqvlrq vfkhphv wklv lv/ ri frxuvh/ hvvhqwldo lqirupdwlrq1 Krzhyhu/
dv ghvfulehg lq Vhfwlrq 5/ rffxsdwlrqdo shqvlrq vfkhphv duh dvvrfldwhg zlwk wkh
glhuhqw wudgh xqlrqv zklfk/ lq wxuq/ duh dvvrfldwhg zlwk glhuhqw shuvrqqho
fdwhjrulhv dqg vhfwruv ri wkh hfrqrp|1 Wkh IrEv frqwdlq lqirupdwlrq rq wkh
vhfwru lq zklfk hdfk lqglylgxdo zrunv dv zhoo dv vrflr0hfrqrplf jurxs1 Wklv
lqirupdwlrq fdq wkhq eh xvhg wr suhglfw wr zklfk rffxsdwlrqdo shqvlrq vfkhph
hdfk lqglylgxdo ehorqjv1
Zh xvh lqirupdwlrq iurp wkh IrEv +fhqvxvhv, lq 4<;3/ 4<;8 dqg 4<<31 Li dq
lqglylgxdo kdv uhwluhg e| wkh gdwh ri d fhqvxv/ lw grhv qrw frqwdlq dq| lqirupdwlrq
rq hlwkhu klv vrflr0hfrqrplf jurxs ru vhfwru ri hpsor|phqw1 Wklv phdqv wkdw
wkhuh lv ohvv lqirupdwlrq plvvlqj iurp wkh 4<;3 fhqvxv frpsduhg wr wkh rwkhu
wzr fhqvxvhv1 Wkhuhiruh/ zh xvhg wkh 4<;3 fhqvxv wr suhglfw wkh rffxsdwlrqdo
shqvlrq vfkhph1 Krzhyhu/ iru plvvlqj ydoxhv lq wklv fhqvxv zh xvhg lqirupdwlrq
iurp wkh 4<;8 fhqvxv dqg/ li qhfhvvdu|/ dovr iurp wkh 4<<3 fhqvxv1 Wkh uhvxowlqj
glvwulexwlrq dprqj rffxsdwlrqdo vfkhphv lv vkrzq lq Wdeoh 431
Zh xvhg wkh vdph vwudwhj| wr phdvxuh lqglylgxdo hgxfdwlrq ohyho1 Lq wkh uvw
sodfh zh xvhg lqirupdwlrq iurp wkh 4<<6 hgxfdwlrq uhjlvwhu1 Iru plvvlqj revhu0
ydwlrqv zh xvhg gdwd iurp wkh 4<<7/ 4<<8 dqg 4<<8 uhjlvwhuv/ uhvshfwlyho|1 Wdeoh
44 jlyhv d vkruw ghvfulswlrq ri hdfk hgxfdwlrq ohyho dorqj zlwk wkh shufhqwdjh
6:Ohyho Ghvfulswlrq ri wkh Vfkrrolqj Ohyho Phq/ ( Zrphq/ (
4 Frpsxovru| vfkrro rqo| +: ru ; |hduv, 7518; 68196
5 Mxqlru vhfrqgdu| vfkrro +< ru 43 |hduv, 7177 ;157
6 Yrfdwlrqdo vfkrro vhfrqgdu| vfkrro 9 5 |hduv/ 53139 66139
7 Xsshu vhfrqgdu| vfkrro A 6 |hduv/ vl{wk irup 47194 71:4
ri frpsuhkhqvlyh vfkrro +XN,/ vhqlru kljk vfkrro +XV,
8 Srvw0xsshu vhfrqgdu| vfkrro 9 5 |hduv/ mxqlru froohjh :168 <136
+XV,/ h1j1 qxuvlqj vfkrro
9 Srvw0xsshu vhfrqgdu| vfkrro A 6 |hduv/ h1j1 exlvvlqhvv 431<9 <166
dgplqlvwudwlrq/ hqjlqhhulqj ru phglflqh dqg Sk1G1v
Wdeoh 44= Qxpehu ri revhuydwlrqv dw glhuhqw hgxfdwlrq ohyhov1
vkduh ri revhuydwlrqv lq hdfk fdwhjru|1
Ilqdoo|/ zh xvhg frqwurov iru sodfh ri uhvlghqfh1 Vzhghq lv glylghg lqwr 58
frxqwlhv1 OLQGD frqwdlqv dqqxdo lqirupdwlrq rq lq zklfk frxqw| dq lqglylgxdo
lv uhjlvwhuhg iru orfdo wd{hv> wklv lv wkh phdvxuh xvhg iru sodfh ri uhvlghqfh1
8 Frqvwuxfwlrq ri Lqfhqwlyh Phdvxuhv
814 Ghqlwlrqv ri wkh Lqfhqwlyh Phdvxuhv
Zh xvh ri irxu glhuhqw phdvxuhv ri hfrqrplf lqfhqwlyhv iru uhwluhphqw ghflvlrqv=
41 ehqhw dffuxdo>
51 hhfwlyh wd{2vxevlg| udwh>
61 shdn ydoxh>
71 rswlrq ydoxh>
Ehqhw dffuxdo phdvxuhv wkh lqfuhdvh lq shqvlrq zhdowk d zrunhu jdlqv e|
srvwsrqlqj uhwluhphqw dqg fodlplqj d ehqhw iru rqh |hdu1 Wkh suhvhqw ydoxh






zkhuh HwE +v>u, lv wkh h{shfwhg ehqhw dw djh v li wkh zrunhu uhwluhv dw djh u>
l1h1/
HwE +v>u,@s+v m w,t+v m w,EP +v>u,.
. s+v m w,+4 t+v m w,,EV+v>u,. +5,
.+ 4 s+v m w,,t +v m w,V +v>u>w,>
zkhuh EP +v>u, lv wkh dprxqw ri d zrunhu*v shqvlrq ehqhw dw djh v li kh lv
pduulhg dqg uhwluhv dw djh u> EV+v>u, lv wkh dprxqw ri d zrunhu*v shqvlrq
ehqhw dw djh v li kh lv qrw pduulhg dqg uhwluhv dw djh u> V +v>u, lv wkh dprxqw
ri wkh vxuylyru*v ehqhw zkhq wkh zrunhu zrxog kdyh ehhq djhg v dqg uhwluhg dw
djh u> s+v m w, lv wkh suredelolw| ri vxuylydo dw wlph v frqglwlrqdo rq vxuylydo dw
wlph w> t +v m w, l vw k hs u r e d e l o l w |r iw k hv s r x v hv x u y l y l q jd wd j hv frqglwlrqdo rq
vxuylydo dw djh w> dqg  lv wkh glvfrxqw idfwru1 V +v>u>w, ghshqgv rq wkh vsrxvh
dw wlph w dv zhoo dv wkh uhwluhphqw djh u/z k l o hEP +v>u, dqg EV+v>u, duh qrw
ghshqghqw rq w vlqfh zh dvvxph shuihfw iruhvljkw derxw zdjhv1









v￿wHwE +v>w .4 ,= +6,
Wkh hhfwlyh wd{2vxevlg| udwh phdvxuh uhodwhv ehqhw dffuxdo wr wkh qhw zdjh
li wkh zrunhu vwd|v lq wkh oderu pdunhw rqh dgglwlrqdo |hdu/ l1h1
WV+w,@DFFU+w,@Z +w .4 ,> +7,
6<zkhuh Z +w .4 ,ghqrwhv oderu hduqlqjv dw djh w .4 =
Shdn ydoxh lv ghqhg dv vrfldo vhfxulw| zhdowk +VVZ,d wl w vp d { l p x py d o x h
plqxv VVZ dw wlph w> l1h1









v￿wHwE +v>w .4 ,
Wklv phdvxuh lv iruzdug orrnlqj lq wkh vhqvh wkdw lw qrw rqo| wdnhv lqwr
dffrxqw wkh lpphgldwh dffuxdo lq VVZ ri zrunlqj dq dgglwlrqdo |hdu/ exw dovr
wkh dffuxdov lq ixwxuh |hduv1
Rswlrq ydoxh lv uhodwhg wr wkh qrwlrq wkdw dq lqglylgxdo*v uhwluhphqw ghflvlrq
dovr ghshqgv rq krz kh ru vkh ydoxhv frqvxpswlrq dqg ohlvxuh dw glhuhqw djhv1
Dw dq| jlyhq djh +w, lw lv dvvxphg wkdw wkh zrunhu frpsduhv wkh h{shfwhg suhvhqw
ydoxh ri uhwlulqj dw wkdw djh zlwk wkh ydoxh ri uhwlulqj dw hdfk djh +u,l qw k h
ixwxuh1











￿ s+v m w,> +8,
zkhuh  lv wkh vxemhfwlyh glvfrxqw udwh/ n uh hfwv wkh pdujlqdo xwlolw| ri ohlvxuh
dqg  phdvxuhv pdujlqdo xwlolw| ri frqvxpswlrq1 Wkh rswlrq ydoxh ri uhwlulqj
dw djh w lv
RSW +w,@Y +w>u￿,  Y +w>w .4 , +9,
zkhuh u￿ lv wkh rswlpdo uhwluhphqw djh/ l1h1/ wkh rswlrq ydoxh fdq eh lqwhu0
suhwhg dv wkh orvv lq xwlolw| ri uhwlulqj wrgd| udwkhu wkdq suhvhuylqj wkh rswlrq
wr uhwluh dw wkh suhihuuhg djh1
Doo ri wkhvh lqfhqwlyh phdvxuhv devwudfw iurp wkh srvvlelolw| ri uhwlulqj zlwk0
rxw fodlplqj d ehqhw dqg ri fodlplqj d ehqhw zlwkrxw uhwlulqj1 Lq dq h{sdqghg
73prgho/ dq lqglylgxdo zkr lv qrw uhwluhg/ dqg grhv qrw fodlp d ehqhw lq rqh |hdu/
frxog fkrrvh ehwzhhq irxu rswlrqv wkh qh{w |hdu=
41 frqwlqxh wr zrun dqg qrw fodlp d ehqhw>
51 uhwluh dqg vwduw fodlplqj d ehqhw>
61 uhwluh zlwkrxw fodlplqj d ehqhw> dqg
71 fodlp d ehqhw zlwkrxw uhwlulqj1
Khuh zh frqwlqxh wr devwudfw iurp wkh qxphurxv srvvlelolwlhv ri sduwldo uh0
wluhphqw lq wkh Vzhglvk v|vwhp1 Lq d xwlolw|0pd{lpl}lqj iudphzrun/ lw lv frq0
fhswxdoo| vwudljkwiruzdug wr wdnh doo irxu rswlrqv lqwr dffrxqw1 Krzhyhu/ wklv
dssurdfk frpsolfdwhv wkh uhwluhphqw prgho frqvlghudeo| dqg/ frqvlghulqj wkh
h{whqw wr zklfk rxu gdwd duh grplqdwhg e| rswlrqv +4, dqg +5,/ zh gr qrw wklqn
lw lv mxvwlhg 1
Wkh idfw wkdw zh kdyh uhodwlyho| ihz revhuydwlrqv rq rswlrqv +6, dqg +7,
pd| eh h{sodlqhg e| wkh surjuhvvlyh lqfrph wd{/ zklfk fuhdwhv dq lqfhqwlyh wr
vprrwk lqfrph ryhu wlph1 Wr wkh h{whqw rswlrqv +6, dqg +7, duh grplqdwhg e|
+4, dqg +5,/ wkh| fdq eh glvuhjdughg dv zh gr lq rxu prgho1
815 Vrxufhv ri Lqfrph diwhu Uhwluhphqw
Dv srlqwhg rxw lq Vhfwlrq 5/ zrunhuv pd| xvh vhyhudo glhuhqw vrxufhv ri lqfrph
surylghg e| wkh Vzhglvk vrfldo lqvxudqfh v|vwhp diwhu kdylqj shupdqhqwo| ohiw
wkh oderu irufh1 Pruhryhu/ glhuhqw vrxufhv ri lqfrph dovr lpsolhg ydu|lqj lq0
frph ohyhov diwhu uhwluhphqw1 Lq jhqhudo/ wkh uhsodfhphqw ohyhov iurp glvdelolw|
lqvxudqfh dqg/ lq sduwlfxodu/ iurp xqhpsor|phqw dqg vlfnqhvv lqvxudqfh/ duh
vljqlfdqwo| kljkhu frpsduhg wr wkh rog0djh shqvlrq dowhuqdwlyh1 Krzhyhu/ dv
74lqglfdwhg lq Vhfwlrq 5/ wkhvh vrxufhv ri lqfrph duh qrw dydlodeoh wr doo zrunhuv1
Lw lv rqo| srvvleoh wr revhuyh/ h{ srvw/ wkdw dq lqglylgxdo zkr dfwxdoo| uhfhlyhv
vxssruw iurp d sduwlfxodu lqvxudqfh lv holjleoh iru lw1 Zkhwkhu dq lqglylgxdo
zkr frqwlqxhv wr zrun rqh dgglwlrqdo |hdu lv/ lq idfw/ txdolhg iru ehqhwv iurp
d sduwlfxodu surjudp fdqqrw eh ghwhuplqhg1 Wklv frpsolfdwhv wkh frqvwuxf0
wlrq ri wkh lqfhqwlyh phdvxuhv/ vlqfh wkh| duh edvhg rq h{shfwhg lqfrph diwhu
uhwluhphqw1
Dq h{wuhph zd| ri kdqgolqj wklv sureohp lv wr dvvxph wkdw hdfk zrunhu/
dw hdfk srlqw ri wlph/ lv holjleoh iru vxssruw iurp wkh surjudp zklfk surylghv
wkh prvw jhqhurxv vxssruw1 Krzhyhu/ vlqfh wklv grhv qrw dsso| wr vrph ri
wkh zrunhuv lq wkh vdpsoh/ vxfk d phdvxuh zrxog ryhuhvwlpdwh wkh wuxh lqfrph
diwhu uhwluhphqw iru vrph ri wkh zrunhuv/ wkhuhe| xqghuhvwlpdwlqj wkh hhfw ri
hfrqrplf lqfhqwlyhv1 Dqrwkhu h{wuhph zrxog eh wr dvvxph wkdw wkh rog0djh
shqvlrq lv wkh rqo| dowhuqdwlyh dydlodeoh1 Exw wklv zrxog/ fhuwdlqo| qrw dsso|
wr wkrvh zrunhuv zkr duh dhfwhg e| wkh hfrqrplf lqfhqwlyhv lqkhuhqw lq oderu
pdunhw lqvxudqfh/ wkhuhe| xqghuhvwlpdwlqj wkh hhfw ri wkh hfrqrplf lqfhqwlyhv1
D wklug dowhuqdwlyh zrxog eh wr dvvxph wkdw lqvxudqfh lv dq dowhuqdwlyh
dydlodeoh rqo| wr wkrvh zkr lq idfw fodlp vrph nlqg ri lqvxudqfh zkhq uhwlulqj1
Wklv surfhgxuh/ krzhyhu/ zrxog jlyh ulvh wr dq hqgrjhqhlw| sureohp1 Li wkh
uhwluhphqw lqfrph iurp dq lqvxudqfh surjudp/ zklfk lv frqvlghudeo| kljkhu
wkdq wkdw iurp dq rog0djh shqvlrq zhuh dvvljqhg rqo| dw wkh srlqw lq wlph
zkhq d zrunhu dfwxdoo| uhwluhg/ dqg qrw lq wkh suhfhglqj wlph shulrg/ lw zrxog
eh uhfrughg dv dq lqfuhdvh lq uhwluhphqw lqfrph wkh |hdu uhwluhphqw dfwxdoo|
wdnh sodfh1 Wklv/ lq wxuq/ zrxog lpso| wkdw wkh hhfw ri hfrqrplf lqfhqwlyhv lv
ryhuhvwlpdwhg1
75Wr dyrlg wkh sureohpv lqyroyhg lq wkhvh dssurdfkhv/ zh xvhg d suredelolvwlf
ru lqvwuxphqwdo yduldeoh +LY, dssurdfk1 Wr h{sodlq krz wkh lqfhqwlyh phdvxuhv
duh fdofxodwhg xvlqj wklv dssurdfk/ ohw xv wdnh VVZ dv dq h{dpsoh1 Vrfldo
vhfxulw| zhdowk iurp wkh rog0djh shqvlrq v|vwhp/ zklfk lv dydlodeoh zlwkrxw dq|
uhtxluhphqwv uhjduglqj khdowk vwdwxv ru xqhpsor|phqw/ lv ghqrwhg VVZRDS1
D zrunhu*v vrfldo vhfxulw| zhdowk/ li kh lv holjleoh iru oderu pdunhw lqvxudqfh/ lv
ghqrwhg VVZOL1 Li wkh zrunhu*v suredelolw| ri dffhvv/ dw d sduwlfxodu srlqw lq
wlph/ lv s/ wkhq klv vrfldo vhfxulw| zhdowk fdq eh zulwwhq
VVZ @ VVZRDS . s+VVZOL  VVZRDS,= +:,
Fdofxodwlqj wklv phdvxuh lqyroyhv wzr sureohpv1 Wkh uvw frqfhuqv fdofxodwlrq
ri VVZOL= Qrw rqo| grhv Vzhghq*v zhoiduh v|vwhp rhu vhyhudo glhuhqw oderu
pdunhw lqvxudqfh surjudpv/ exw zrunhuv duh dovr deoh wr vkliw ehwzhhq glhuhqw
surjudpv1 Lghdoo|/ VVZOL vkrxog eh glylghg xs wr dffrxqw iru glhuhqw v|vwhpv/
zlwk d suredelolw| dvvljqhg wr holjlelolw| iru hdfk ri wkhp1 Krzhyhu/ dv qrwhg
lq Vhfwlrq 5/ frqvlghulqj doo shupxwdwlrqv ri wkh pdlq vrxufh ri lqfrph ryhu
wlph uhvxowhg lq 9:: glhuhqw frpelqdwlrqv lq wkh vdpsoh1 Lq sudfwlfh/ lw lv
reylrxvo| qrw ihdvleoh wr fdofxodwh wkh hfrqrplf lqfhqwlyh phdvxuhv iru kxqguhgv
ri sdwkzd|v1
Vhyhudo vlpsolfdwlrqv fdq eh pdgh/ krzhyhu1 Iru h{dpsoh/ d ehkdylrudo
prgho frxog eh dssolhg wr suhglfw krz zrunhuv fkrrvh dprqj glhuhqw lqvxudqfh
surjudpv1 Rq wkh rwkhu kdqg/ dffruglqj wr Vhfwlrq 5/ prvw zrunhuv zkr uhwluh
e| fodlplqj oderu pdunhw lqvxudqfh iroorz d vlplodu sdwwhuq1 Vr/ udwkhu wkdq
dsso|lqj d ehkdylrudo prgho/ zh xvhg d frpprq/ v|qwkhwlf lqvxudqfh sdwk wr
dssur{lpdwh wkh vkliwv ehwzhhq glhuhqw lqvxudqfh surjudpv ryhu wlph1
Lw zdv qrwhg lq Vhfwlrq 5 wkdw wkh uhsodfhphqw udwhv iru vlfnqhvv dqg xq0
76hpsor|phqw lqvxudqfh duh txlwh vlplodu/ lq sduwlfxodu iru zrunhuv zkr kdyh dq
lqvxuhg lqfrph ehorz erwk wkh vrfldo vhfxulw| dqg wkh xqhpsor|phqw lqvxudqfh
fhlolqjv1 Wklv dssolhv wr prvw ri wkh eoxh0froodu zrunhuv lq rxu vdpsoh/ iru prvw
ri wkh wlph shulrg xqghu vwxg|1 Wkhvh duh dovr wkh zrunhuv wkdw duh wkh rqhv
zkr duh prvw olnho| wr lqlwldoo| qdqfh wkhlu uhwluhphqw iurp lqvxudqfh1 Wkdw lv/
wkh dffxudf| lq suhglfwlqj lqfrph diwhu uhwluhphqw lw lv qrw olnho| wr eh lpsdluhg
li/ zkhq fkrrvlqj ehwzhhq vlfnqhvv dqg xqhpsor|phqw lqvxudqfh/ wkh uljkw
lqvxudqfh surjudp lv qrw xvhg1
D vv k r z ql qI l j x u h4 /w k ho h q j w kr iw k hw l p he h i r u hw k hw u d q v l w l r qw rG Ll v
kljko| ghshqghqw rq d zrunhu*v djh zkhq kh shupdqhqwo| ohdyhv wkh oderu irufh1
Lq frqvwuxfwlqj wkh v|qwkhwlf lqvxudqfh sdwk wr uhwluhphqw/ zh wkhuhiruh xvh
uhwluhphqw djh dv d suhglfwru ri wkh ohqjwk ri wkh shulrg zlwk xqhpsor|phqw
ru vlfnqhvv lqvxudqfh ehiruh wkh wudqvlwlrq wr GL1 Lq Iljxuh 5/ suhglfwhg ydoxhv
iurp d uhjuhvvlrq ri wkh dyhudjh qxpehu ri |hduv zlwk vlfnqhvv ru xqhpsor|phqw
lqvxudqfh ehiruh GL rq d txdgudwlf ixqfwlrq ri uhwluhphqw djh duh dgghg wr wkh
gdwd vkrzq lq Iljxuh 41 Dv lv dssduhqw iurp wkh jxuh/ wkh ixqfwlrq jlyhv d
yhu| jrrg w wr wkh revhuyhg dyhudjhv146
Zkhq fdofxodwlqj wkh lqfhqwlyhv phdvxuhv/ zh dvvxph 0 iru hdfk djh 0 wkdw d
zrunhu uhfhlyhv vlfnqhvv ru xqhpsor|phqw lqvxudqfh zlwk d uhsodfhphqw udwh ri
;3( gxulqj wkh qxpehu ri |hduv suhglfwhg e| wkh txdgudwlf ixqfwlrq/ dqg diwhu
wkdw vkliwv wr GL dv klv pdlq vrxufh ri lqfrph1 Iurp djh 98/ qr zrunhuv duh
holjleoh iru dq| w|sh ri oderu pdunhw lqvxudqfhv dqg/ frqvhtxhqwo|/ doo lqfhqwlyh
phdvxuhv duh fdofxodwhg xvlqj wkh rog0djh shqvlrq dowhuqdwlyh rqo|1
46Dv wkhuh duh yhu| ihz revhuydwlrqv rq uhwluhphqw ehiruh djh 87/ dqg dv wkh hvwlpdwhg
ixqfwlrq dfwxdoo| lqfuhdvhv ehwzhhq uhwluhphqw djhv 85 dqg 86/ zh xvhg 51:8 |hduv xs wr djh























Iljxuh 5= Ilwwhg ydoxhv iurp uhjuhvvlqj wkh dyhudjh qxpehu ri |hduv zlwk vlfnqhvv
ru xqhpsor|phqw lqvxudqfh dv wkh pdlq vrxufh ri lqfrph ehiruh GL ehfrphv wkh
pdlq vrxufh rq d txdgudwlf ixqfwlrq lq uhwluhphqw djh dorqj zlwk dfwxdo vdpsoh
dyhudjhv1
Wkh vhfrqg pdlq sureohp zlwk xvlqj wkh LY ru suredelolw| dssurdfk frqfhuqv
dvvljqlqj wkh suredelolw| ri ehlqj holjleoh iru oderu pdunhw lqvxudqfh1 Lghdoo|/
zh zrxog olnh wr nqrz/ dw hdfk srlqw lq wlph/ hyhu| zrunhu*v suredelolw| ri ehlqj
holjleoh iru oderu pdunhw lqvxudqfh1 Vlqfh wklv lqirupdwlrq lv qrw dydlodeoh/ zh
hvwlpdwhg d surelw htxdwlrq zkhuh wkh ghshqghqw yduldeoh lv wkh revhuyhg wdnh0
xs udwh ri wkh oderu pdunhw lqvxudqfh surjudpv1 Wkh vshflfdwlrq ri wkh surelw
htxdwlrq lv d sro|qrpldo lq djh/ lqglfdwruv iru vl{ hgxfdwlrq ohyhov/ lqglfdwruv
iru irxu vrflr0hfrqrplf jurxsv/ pdulwdo vwdwxv dqg lqglfdwruv iru wkh 58 glhuhqw
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Wdeoh 45= Surelw hvwlpdwhv ri suredelolw| ri jhwwlqj glvdelolw|/ vlfnqhvv ru xq0
hpsor|phqw lqvxudqfh ehqhwv1
816 Fdofxodwlqj Uhwluhphqw Lqfrph Frpsrqhqwv dqg Lq0
frph Wd{hv
Fdofxodwlrqv ri wkh lqfhqwlyh phdvxuhv iru wkh lqglylgxdov lq wkh vdpsoh uhtxluh
fdofxodwlqj wkh rog0djh shqvlrq/ glvdelolw|/ vlfnqhvv dqg xqhpsor|phqw lqvxudqfh
ehqhwv iru hdfk lqglylgxdo dw hyhu| srvvleoh uhwluhphqw djh1 Lw lv dovr lpshudwlyh
wkdw lqfrph wd{hv dqg krxvlqj doorzdqfhv eh wdnhq lqwr dffrxqw1 Wkh iuhtxhqw
fkdqjhv wkdw kdyh wdnhq sodfh lq wkh Vzhglvk v|vwhp iru krxvlqj doorzdqfhv dqg
lqfrph wd{hv qrw rqo| uhtxluh vrph dssur{lpdwlrqv/ exw dovr udlvh lvvxhv derxw
h{shfwdwlrqv1
Wkh prvw vwudljkwiruzdug frpsrqhqw wr fdofxodwh lq wkh hfrqrplf lqfhqwlyh
phdvxuhv lv lqfrph iurp wkh ghqhg ehqhw shqvlrq vfkhphv/ l1h1/ wkh vwdwh
edvlf dqg vxssohphqwdu| shqvlrq +DWS, dqg wkh irxu pdlq rffxsdwlrqdo shqvlrq
79vfkhphv1 Frpsduhg wr h1j1 lqfrph wd{hv/ wkh uxohv iru wkhvh shqvlrq vfkhphv
gr qrw fkdqjh yhu| riwhq dqg/ jlyhq wkh ghwdlohg hduqlqjv klvwrulhv lq rxu gdwd
vhw/ zh zhuh deoh wr fdofxodwh wkhvh lqfrphv dffxudwho|1
Iru wkh ghqhg frqwulexwlrq vfkhphv 0 LWSN/ wkh fhqwudo jryhuqphqw hp0
sor|hhv* vxssohphqwdu| shqvlrq dqg wkh srvw0uhirup shqvlrq vfkhph iru eoxh0
froodu zrunhuv lq wkh sulydwh vhfwru 0 wkh vl}h ri wkh shqvlrq ghshqgv rq wkh uhwxuq
ri wkh sduwlfxodu ixqg wkdw hdfk pd| fkrrvh wr pdqdjh klv shqvlrq1 Fdofxodwlqj
wkh k|srwkhwlfdo rxwfrph iru wkhvh shqvlrqv wkhuhiruh lqyroyhv dssur{lpdwlrqv1
Dv uhjdugv wkh LWSN vfkhph/ zh xvhg dq dojrulwkp iru fdofxodwlqj wkh vl}h ri
wkh shqvlrq surylghg e| wkh lqvxudqfh frpsdq| +fdoohg VSS, zklfk dgplqlv0
wudwhv wkh odujhvw vkduh ri wkh LWSN shqvlrqv1 Dv vxjjhvwhg e| VSS/ zh xvhg dq
dqqxdo lqwhuhvw udwh ri 5158 shufhqw +qhw diwhu wd{hv dqg dgplqlvwudwlyh frvwv,1
Zh xvhg wkh vdph dojrulwkp iru wkh vxssohphqwdu| shqvlrq vfkhph iru fhq0
wudo jryhuqphqw hpsor|hhv/ zkloh wdnlqj lqwr dffrxqw wkdw d orzhu vkduh ri wkh
zdjh vxp zklfk lv sdlg lqwr wkh shqvlrq vfkhph frpsduhg wr wkh LWSN/ dv
z h o od vw k hi d f ww k d ww k l vv f k h p hz h q wl q w rh  h f wd i w h uL W S N 1L qw k hf d v hr i
wkh srvw0uhirup shqvlrq vfkhph iru eoxh0froodu zrunhuv lq wkh sulydwh vhfwru/ zh
xvhg dq dojrulwkp surylghg e| wkh frpsdq| zklfk pdqdjhv wkh odujhvw vkduh ri
wkhvh shqvlrqv1
Wkh fdofxodwlrqv zlwk uhvshfw wr lqfrph wd{hv duh pruh frpsolfdwhg1 Do0
wkrxjk wkhuh kdv rqo| ehhq rqh pdmru uhirup ri wkh Vzhglvk lqfrph wd{ v|vwhp
gxulqj wkh shulrg fryhuhg e| rxu gdwd/ vhyhudo |hdu0wr0|hdu fkdqjhv kdyh wdnhq
sodfh1 Vlqfh wkh qxpehu ri |hduv lqfoxghg lv txlwh odujh/ frqvlghulqj doo fkdqjhv
zrxog eh xquhdolvwlf1 Wr vlpsoli| pdwwhuv/ zh fkrvh dq dssur{lpdwh vwudwhj|1
Zh ehjdq e| uhjuhvvlqj wkh dprxqw ri wd{hv rq wd{deoh lqfrph1 Vlqfh lqfrph
7:wd{ udwhv duh glhuhqw iru shrsoh vwloo lq wkh oderu irufh frpsduhg wr uhwluhhv/ zh
kdyh hvwlpdwhg vhsdudwh ixqfwlrqv iru uhwluhg dqg qrq0uhwluhg1 Zh xvhg d wklug
ghjuhh sro|qrpldo wr prgho wkh pdujlqdo wd{ udwhv lq wkh suh0uhirup lqfrph wd{
v|vwhp/ dqg wkuhh olqhdu vhjphqwv iru wkh srvw0uhirup pdujlqdo wd{ udwhv1 Zh
wkhq xvhg wkh hvwlpdwhg ixqfwlrqv iru hdfk |hdu wr fdofxodwh lqglylgxdo wd{hv1 D
vlplodu surfhgxuh zdv dssolhg iru krxvlqj doorzdqfhv1
Wkh iruzdug orrnlqj phdvxuhv/ shdn ydoxh dqg rswlrq ydoxh/ uhtxluh wkh
zrunhu wr frpsduh h{shfwhg lqfrph dprqj doo srvvleoh uhwluhphqw djhv1 Wklv
lpsolhv suhglfwlqj k|srwkhwlfdo lqglylgxdo oderu hduqlqjv diwhu wkh zrunhuv kdg
dfwxdoo| uhwluhg1 Iru wkhvh fdofxodwlrqv zh fkrvh d odwhvw srvvleoh uhwluhphqw
djh ri :41 Wklv/ lq wxuq/ uhtxluhv suhglfwlqj oderu hduqlqjv xs xqwlo |hdu 53431
Iru wkhvh rxw0ri0vdpsoh suhglfwlrqv/ zh xvhg wkh vdph vwudwhj| dv rxwolqhg lq
Vhfwlrq 7/ l1h1/ zh wrrn wkh wkuhh0|hdu dyhudjhv iru wkh |hduv suhfhglqj wkh |hdu
zlwk plvvlqj oderu hduqlqjv1
Doo wkuhh lqfhqwlyh phdvxuhv xvhg lq wklv vwxg| lqyroyh lqglylgxdo h{shf0
wdwlrqv rq ixwxuh qhw lqfrph vwuhdpv/ zklfk wr d odujh h{whqw duh dhfwhg e|
ixwxuh fkdqjhv lq ehqhwv dqg lqfrph wd{hv1 Iru h{dpsoh/ wkh hfrqrplf lq0
fhqwlyhv iru d uhwluhphqw ghflvlrq lq wkh odwh 4<;3v duh dhfwhg e| zkhwkhu ru
qrw dq lqglylgxdo dqwlflsdwhg wkh 4<<4 lqfrph wd{ uhirup/ dqg zh dvvxph wkdw
lw zdv dqwlflsdwhg1 Dqrwkhu h{dpsoh lv wkh rffxsdwlrqdo shqvlrq vfkhph iru
eoxh0froodu zrunhuv lq wkh sulydwh vhfwru1 Wkh wudgh xqlrq dqg wkh hpsor|huv
frqihghudwlrq djuhhg rq d qhz shqvlrq vfkhph lq 4<<91 Krzhyhu/ dqrwkhu qhz
djuhhphqw zhqw lqwr hhfw rq Mdqxdu| 4/ 5333 dqg wkh shqvlrqv ri vrph zrun0
huv zhuh dhfwhg uhwurdfwlyho|1 Qhhgohvv wr vd|/ lw lv lpsrvvleoh wr nqrz zklfk
fkdqjhv wkh zrunhuv dqwlflsdwhg1 Zh dvvxph wkdw wkh| dqwlflsdwhg doo fkdqjhv
7;xqwlo Mdqxdu| 4/ 5333/ exw qrqh wkhuhdiwhu1
817 Vdpsoh Hvwlpdwhv ri Glhuhqw Lqfhqwlyhv Phdvxuhv
Wdeohv 46049 uhsruw wkh vdpsoh glvwulexwlrq ri wkh lqfhqwlyh phdvxuhv e| djh1
Wdeoh 46 vkrzv vrfldo vhfxulw| zhdowk/ ehqhw dffuxdo dqg wkh wd{2vxevlg| udwh/
l1h1/ ehqhw dffuxdo dv d vkduh ri oderu hduqlqjv plqxv sd|uroo dqg lqfrph wd{hv
lq wkh lqglylgxdo*v odvw |hdu ri zrun1 Wdeoh 47 uhsruwv wkh shdn ydoxh dqg rswlrq
ydoxh glvwulexwlrqv iru phq1 Wdeohv 48 dqg 49 olvw wkh fruuhvsrqglqj glvwulex0
wlrqv iru zrphq1 Lq dgglwlrq wr wkh phgldq/ wkh 43wk dqg <3wk shufhqwlohv ri
wkh glvwulexwlrq duh jlyhq iru wkh ehqhw dffuxdo/ shdn ydoxh dqg rswlrq ydoxh
phdvxuhv1
Ehqhw dffuxdo h{klelwv d pdunhg lqfuhdvh dw djh 8:1 Wklv lv gxh wr wkh
uxoh lq wkh VWS vfkhph wkdw dw ohdvw wkuhh |hduv ri zrun ehwzhhq djhv 88 dqg
8< duh uhtxluhg lq rughu wr eh holjleoh iru wkh VWS shqvlrq1 Wkh lqfuhdvh lv
pruh pdunhg/ dovr uhjduglqj wkh phgldq/ lq wkh pdoh vxevdpsoh ehfdxvh d
odujhu vkduh ri wkh pdoh oderu irufh frpsulvhv eoxh0froodu zrunhuv1 Wkh qh{w/
qrwlfhdeoh lqfuhdvh lv dw djh 8<1 Wklv pd| eh h{sodlqhg e| wkh zd| wkh shqvlrq
vfkhphv iru fhqwudo dqg orfdo jryhuqphqw hpsor|hhv duh frqvwuxfwhg +vhh Vhfwlrq
5,1 Wklv vslnh lv vxevwdqwldoo| pruh pdunhg lq wkh ihpdoh vxevdpsoh/ pdlqo|
e h f d x v hw k ho d u j h v wv k d u hr iw k hi h p d o ho d e r ui r u f hl qV z h g h qz r u n vl qw k ho r f d o
jryhuqphqw vhuylfh vhfwru1
Wkh iruzdug orrnlqj lqfhqwlyh phdvxuhv/ shdn ydoxh dqg rswlrq ydoxh/ vkrz
0 dowkrxjk rq d glhuhqw ohyhov 0 d vlplodu sdwwhuq dv wkh| erwk ghfuhdvh ryhu
w k hr e v h u y h gd j h v 1K r z h y h u /w k ht x d q w l o h vr iw k hr s w l r qy d o x hp h d v x u hh y r o y h v
pruh vprrwko| ryhu wkh djhv/ zklfk lv qrw vxusulvlqj jlyhq wkh zd| lq zklfk lw
lv fdofxodwhg1 Wkh <3wk shufhqwlohv ri wkh shdn ydoxh idoo frqvlghudeo| ehwzhhq
7<djhv 8< dqg 93/ zklfk/ djdlq/ uh hfwv wkh pdnhxs ri wkh shqvlrq vfkhphv iru
fhqwudo dqg orfdo jryhuqphqwv hpsor|hhv1
Wkh odvw froxpq lq Wdeoh 46 jlyhv wkh wd{2vxevlg| udwhv rewdlqhg lq Sdoph
dqg Vyhqvvrq +4<<<, iru d uhsuhvhqwdwlyh zrunhu= eruq lq 4<63/ dvvljqhg wr wkh
VWS rffxsdwlrqdo shqvlrq vfkhph dqg d phgldq lqfrph hduqhu wkurxjkrxw klv
zrunlqj fduhhu1 Dv fdq eh vhhq lq wkh wdeoh/ wkh wd{ udwhv duh vrphzkdw kljkhu
lq wkh gdwdvhw xvhg khuh1 Wklv pd| eh h{sodlqhg e| glhuhqfhv lq wkh zd| wkhvh
wzr vhwv ri wd{ udwhv zhuh rewdlqhg1
Iluvw/ lq Sdoph dqg Vyhqvvrq +4<<<,/ oderu pdunhw lqvxudqfh zdv qrw frq0
vlghuhg lq wkh edvh fdvh1 Wklv pd| h{sodlq wkh glhuhqw jhqhudo ohyhov xs wr djh
96 vlqfh wklv w|sh ri lqvxudqfhv hqwdlov pruh jhqhurxv uhsodfhphqw udwhv dv frp0
sduhg wr rog0djh shqvlrq1 Vhfrqg/ wkh uhsuhvhqwdwlyh zrunhu zdv dvvxphg wr eh
dvvljqhg wr wkh VWS shqvlrq vfkhph1 Wkh gls lq wkh wd{ udwh dw djh 89 lv gh0
qlwho| uhodwhg wr wkh zd| wklv shqvlrq vfkhph lv frqvwuxfwhg zklfk lv ohvv pdunhg
lq wkh suhvhqw gdwd vhw zklfk frpsulvhv lqglylgxdov iurp doo rffxsdwlrqdo shq0
vlrq vfkhphv1 Wklug/ wkh gdwdvhw qrz xvhg hqfrpsdvvhv wkh suh0uhirup lqfrph
wd{ v|vwhp xs xqwlo 4<<4/ zlwk vxevwdqwldoo| kljkhu pdujlqdo wd{ udwhv1 Wklv
glhuhqfh pd| h{sodlqv wkh vrphzkdw kljkhu wd{ udwhv diwhu djh 961 Ilqdoo|/ wkh
uhvxowv iurp wkh suhvhqw gdwdvhw duh phgldqv iurp wkh glvwulexwlrq ri wd{ udwhv
udwkhu wkdq wd{ udwhv iurp wkh phgldq lqfrph hduqhu1 Wkh gluhfwlrq lq zklfk
wklv glhuhqfh zrunv lv qrw fohdu1
83Djh lq Iluvw \hdu VVZ Dffuxdo Wd{2vxevlg| udwh
diwhu Uhwluhphqw Phgldq Phgldq 43wk sw <3wk sw V1G1 Phgldq Suhylrxv Yroxph
88 <7;<;< 6;5 0535:7 54<69 :485< 31669 31564
89 <:7653 485 04<78; 68958 :633; 31667 31554
8: 43365:4 49774 049364 43;:5; ;:946 31558 31389
8; 43:8<7< 043;: 054553 4;<45 :::4; 31674 31486
8< 443<973 04:<9 055459 5559<9 46<3:; 3165; 31479
93 44:6534 0435;< 068747 4:6:6 ::73; 31749 31683
94 44<:995 04938< 073<39 7864 :6<;8 31788 3168;
95 4549743 056636 07<548 08753 93898 3183: 31586
96 455;<7: 06439< 096<45 047789 9378; 31869 315<3
97 456;:<5 056396 083548 08863 8<58< 3179; 31646
98 45876<4 059<7: 04347:9 0<;63 8<8;7 31536 31369
99 45:48;6 064<56 0<79:3 04;6:3 77765 3156; 313;8
9: 45;598< 06;6;9 0<5:78 05;357 65884 315;8 3145;
9; 45<3773 07793: 0<7:;4 068595 5<:5: 31667 3149<
9< 45<895: 0844:6 0<:5<; 075;;7 5844< 316;< 314<6
:3 45<:;76
Wdeoh 46= Vrfldo vhfxulw| zhdowk/ ehqhw dffuxdo dqg wd{2vxevlg| udwhv> 4<<8
VHN +FSL xvhg dv gh dwru,> phq1
Djh lq Iluvw \hdu Rswlrq Ydoxh Shdn Ydoxh
diwhu Uhwluhphqw Phgldq 43wk sw <3wk sw V1G1 Phgldq 43wk sw <3wk sw V1G1
88 8579 497: <856 6666 99:63 0<487 6587<3 4;459<
89 775< 46;7 ;598 6338 99;<4 099<6 638799 4:663;
8: 6873 4498 :3:7 599: :4734 0:3<8 5;;:49 497:59
8; 4<69 737 8;;3 5834 53<9 04;547 5:584< 499434
8< 43<5 4:4 7;<7 5564 04355 05345; 59;483 48;87<
93 46; 0673 45;< 45:; 0<957 067584 78338 <:8;6
94 04 0759 ;38 43;7 04885: 06<347 4;58: ;8763
95 0457 0854 856 <44 0557:7 07:699 74;9 :5594
96 053< 09;3 5<4 ;3; 05<979 094663 0<;<6 98:57
97 0463 089< 586 :36 055:;; 07;;87 0785; 8:7:<
98 055: 04486 84 955 059<56 043399; 0<:;5 86;<3
99 0639 043<3 0<9 7<7 064<44 0<7979 04;6:3 7749<
9: 0747 04397 0578 686 06;6;9 0<5:78 05;357 6563;
9; 0845 04396 0699 634 07793: 0<7:;4 068595 5<:5:
9< 093< 04357 07:3 573 0844:6 0<:5<; 075;;7 5844<
Wdeoh 47= Iruzdug orrnlqj lqfhqwlyh phdvxuhv +shdn ydoxh dqg rswlrq ydoxh,
e| djh> 4<<8 VHN +FSL xvhg dv gh dwru,> Sdudphwhu ydoxhv iru rswlrq ydoxh
phdvxuh  @3 =<9>@3 =9> dqg n @7 =6>p h q 1
84Djh lq Iluvw \hdu VVZ Dffuxdo Wd{2vxevlg| udwh
diwhu Uhwluhphqw Phgldq Phgldq 43wk sw <3wk sw V1G1 Phgldq
88 9<9938 75; 0489:5 :4<8 5883< 315<:
89 :57455 66< 048<48 ;797 5:4:8 315<:
8: :8665< 5;<4 047;7; 955;8 684<8 315:8
8; :<8:;3 649 049:75 ;389 64887 315<<
8< ;5758: 8645 04;85: 5<5646 46;3<8 31579
93 <87366 06::7 05:688 58697 699<7 31676
94 <:78:4 0<6<: 064653 4986; 64866 3173:
95 <;78;< 049794 06;54: 9796 5<;;4 317<7
96 <<485: 056487 085634 067;5 65376 3189;
97 <<59;8 047387 06:77< 54365 6<43; 31778
98 433::44 0588:9 0;9<9< 0455: 7:<53 31596
99 4335536 057:<4 0;6<96 09694 68788 315;4
9: 433:478 058<4: 0;4943 044753 64335 31644
9; <<:4<5 064:79 0;535; 049537 5;33; 3169:
9< <;;878 0663;< 0::4<7 049<73 5893; 31689
:3 <<4946
Wdeoh 48= Vrfldo vhfxulw| zhdowk/ ehqhw dffuxdo dqg wd{2vxevlg| udwh e| djh>
4<<8 VHN +FSL xvhg dv gh dwru,> zrphq1
Djh lq Iluvw \hdu Rswlrq Ydoxh Shdn Ydoxh
diwhu Uhwluhphqw Phgldq 43wk sw <3wk sw V1G1 Phgldq 43wk sw <3wk sw V1G1
88 85545 5<<67 :9;<: 4<8<5 8;5:6 0:396 694;:; 498788
89 7;46: 59;96 :4;96 4;9:6 8;:87 09489 693:33 497675
8: 769;4 5689< 9934: 4:898 95:58 07;<6 683853 49367<
8; 6;745 4<:49 8<847 497:5 4<8<8 046:47 679833 495::9
8< 674;9 4986: 86;34 48685 474:6 04988: 674<74 493:6:
93 57<<; 43:48 74:97 456:< 05:48 059:<4 975<; 8;4<4
94 544:< ;5:6 69<:: 4468: 0;943 064446 7365; 7:<58
95 4:;36 94:7 6599; 43654 048578 06::83 54::4 76;:7
96 48335 77<7 5;97; <738 04<856 07;:98 47;53 76873
97 458;: 6745 579;6 ;563 0466;; 069<74 5748: 75<;:
98 <8:; 45:< 53376 :59: 0577:7 0;994: 0<5: 7:743
99 ::39 434; 495;8 8;67 057839 0;6953 0955; 67;59
9: 8;7< 93; 4556< 779; 0589:8 0;465: 0446<3 5<<89
9; 6;<3 675 ;886 65:; 06494< 0;535; 049474 5;374
9< 5663 533 85;; 5477 0663;< 0::4<7 049:65 58:34
Wdeoh 49= Iruzdug orrnlqj lqfhqwlyh phdvxuhv +shdn ydoxh dqg rswlrq ydoxh,>
4 < < 8V H N+ F S Lx v h gd vg h  d w r u , >s d u d p h w h uy d o x h vi r ur s w l r qy d o x hp h d v x u h
 @3 =<:>@3 =:8> dqg n @4 =58>z r p h q 1
859 Hpslulfdo Prgho dqg Uhvxowv
914 Hpslulfdo Vshflfdwlrq
Zh xvh wkh iroorzlqj hpslulfdo vshflfdwlrq iru wkh uhwluhphqw ghflvlrq prgho=
Ulw @ 3 . 4DFFlw . 5VVZlw . 6DJHlw . 7SUHDUQlw . 8HDUQlw .
9SUHDUQlw  HDUQlw . :VSHDUQlw . [lw .  lw
zkhuh DFFlw lv wkh phdvxuh ri dffuxdo dw wlph w> VVZlw lv wkh qhw suhvhqw
ydoxh ri vrfldo vhfxulw| zhdowk glvfrxqwhg edfn wr wlph w> DJHlw uhsuhvhqwv
wkh lqglylgxdo*v djh hlwkhu e| d olqhdu yduldeoh ru e| lqglfdwruv iru hdfk djh>
SUHDUQ lv wkh lqglylgxdo*v suhglfwhg hduqlqjv dw wlph w dqg wkh vtxduh ri
wklv phdvxuh> HDUQ lv d phdvxuh ri wkh lqglylgxdo*v olihwlph hduqlqjv dqg lwv
vtxduh> VSHDUQ lv olihwlph hduqlqjv ri wkh vsrxvh/ lwv vtxduh dqg wkh vsrxvh*v
qhw vrfldo vhfxulw| zhdowk glvfrxqwhg edfn wr wlph w> [ lv d vhw ri shuvrqdo fkdudf0
whulvwlf yduldeohv/ lqfoxglqj pdulwdo vwdwxv/ hgxfdwlrq ohyho +Hgxf4  Hgxf9,/47
vrflrhfrqrplf jurxs +Rff4  Rff7,48 dqg lqglfdwruv iru hdfk ri Vzhghq*v 58
frxqwlhv +fi1 Vhfwlrq 7 iru wkh frqvwuxfwlrq ri wkhvh yduldeohv,1
Wkh irfxv ri rxu lqwhuhvw lv rq wkh gxdo hhfw ri hfrqrplf lqfhqwlyhv iru
uhwluhphqw fuhdwhg e| wkh vrfldo vhfxulw| v|vwhp1 Kljkhu vrfldo vhfxulw| zhdowk
zloo lqfuhdvh dq lqglylgxdo*v ghpdqg iru doo jrrgv 0 lqfoxglqj ohlvxuh wlph/ l1h1/
uhwluhphqw1 Wklv hhfw lv phdvxuhg e| VVZ dqg zh h{shfw d srvlwlyh vljq
rq wklv yduldeoh1 Krzhyhu/ li wkh dffuxdo iurp zrunlqj rqh dgglwlrqdo |hdu
lv vx!flhqwo| odujh/ wkhq wkh vxevwlwxwlrq hhfw/ lqgxfhg e| wkh dffuxdo/ zloo
grplqdwh wkh lqfrph hhfw dqg wkh zrunhu zloo fkrrvh wr frqwlqxh wr zrun1
47Wkhvh hgxfdwlrq ohyhov uhihu wr wkrvh ghvfulehg lq Wdeoh 441
48Wkh vrflr hfrqrplf jurxsv duh h{sodlqhg lq Wdeoh 431
86Wkhuhiruh zh h{shfw wkh vljq rq DFF wr eh qhjdwlyh1 Dv lqglfdwhghg lq Vhfwlrq
8/ zh xvh wkuhh glhuhqw phdvxuhv ri dffuxdo= ehqhw dffuxdo/ shdn ydoxh dqg
rswlrq ydoxh1
Dprqj wkh fkdqjhv lq wkh Vzhglvk lqfrph wd{ dqg vhfxulw| v|vwhpv rxw0
olqhg lq Vhfwlrq 5/ wkh iroorzlqj duh sduwlfxoduo| khosixo iru lghqwlfdwlrq ri
w k hh p s l u l f d op r g h o =w k hl q f r p hw d {u h i r u p+ 4 < < 4 , >w k hu h i r u pr iw k hr f f x s d 0
wlrqdo shqvlrq vfkhph iru fhqwudo jryhuqphqw hpsor|hhv +4<<5,> wkh pdwxulqj ri
wkh ixoo| ixqghg vxssohphqwdu| shqvlrq vfkhph iru zklwh0froodu zrunhuv lq wkh
sulydwh vhfwru +LWSN/ lq 4<::, dqg iru fhqwudo jryhuqphqw hpsor|hhv +4<<4,>
dqg wkh wudqvlwlrq iurp d sd|0dv0|rx0jr wr d ixoo| ixqghg shqvlrq vfkhph iru
eoxh0froodu zrunhuv lq wkh sulydwh vhfwru +4<<9,1
Dowkrxjk wkh gdwd vhw kdv d sdqho vwuxfwxuh/ lghqwlfdwlrq ri wkh hpslul0
fdo prgho suhyhqwv xv iurp xvlqj h1j1 d {hg hhfw dssurdfk wr frqwuro iru
xqrevhuyhg khwhurjhqhlw|1 Zh xvh wkh gdwd vhw dv d furvv vhfwlrq lq wkh hvwlpd0
wlrq dqg xvh revhuydeoh ghprjudsklf fkdudfwhulvwlfv wr frqwuro iru khwhurjhqhlw|1
Wklv phdqv wkdw prvw lqglylgxdov duh lqfoxghg lq wkh gdwd vhyhudo wlphv1 Wr
fruuhfw wkh vwdqgdug huuruv iru ghshqghqfh ehwzhhq glhuhqw revhuydwlrqv rq
wkh vdph lqglylgxdo/ zh xvh wkh Kxehu0Zklwh vdqgzlfk hvwlpdwru/ zklfk doorzv
iru jhqhudo ghshqghqfh zlwklq foxvwhuv ri revhuydwlrqv1
915 Vdpsoh Fkdudfwhulvwlfv
Vlqfh rqo| zrunhuv roghu wkdq djh 83 duh lqfoxghg lq wkh vdpsoh/ wkh uvw re0
vhuydwlrqv rq wkh frkruwv eruq ehwzhhq 4<67 dqg 4<73 zhuh qrw xvhg lq wkh
hvwlpdwlrq1 Wkh qdo vdpsoh frqvlvwv ri 45: 6<3 revhuydwlrqv +iurp 48 94<
lqglylgxdov, lq wkh pdoh vxevdpsoh dqg 456 <:< revhuydwlrqv +iurp 47 ;53,
lqglylgxdov lq wkh ihpdoh vxevdpsoh1
87Phq Zrphq
Phdq v Phdq v
Uhwluhg 31388 3155; 31393 3156;
Ehqhw dffuxdo 5 :;9 ;; :<; 8 33< 87 59:
Shdn ydoxh ;6 3:< 4:: :74 <: <99 48; <83
Rswlrq ydoxh 7 46: 7 473 78 <<6 56 ;;5
VVZ 4 458 ;93 73< 93< ;69 789 5<3 38<
Orj olihwlph hduqlqjv 441:6 316< <1;4 3175
Suhglfwhg orj hduqlqjv 45163 3176 441;< 3178
Hgxfdwlrq 4 31779 317<: 31684 317::
Hgxfdwlrq 5 3136< 314<7 313:< 3159<
Hgxfdwlrq 6 314:9 316;4 31654 3179:
Hgxfdwlrq 7 31476 31683 31379 3153<
Hgxfdwlrq 8 313:: 31599 313<8 315<6
Hgxfdwlrq 9 3144< 31657 31436 31637
Rffxsdwlrq 4 316;5 317;9 31533 31733
Rffxsdwlrq 5 31664 317:4 314;3 316;7
Rffxsdwlrq 6 3145< 31669 31487 31694
Rffxsdwlrq 7 3148; 31698 31799 317<<
Pduulhg 31:87 31764 31:56 3177;
Orj olihwlph hduqlqjv 57134 4813; 5618; 48176
ri vsrxvh
VVZ/ vsrxvh ;6; ;59 :5; ;78 <75 883 :7; 333
Qrwh= Iru wkh rswlrq ydoxh phdvxuh zh xvh  @3 =<4> @3 =83>dqg n @6
iru wkh pdoh vxevdpsoh dqg  @3 =<:> @3 =:8>dqg n @4 =58 iru wkh ihpdoh
vxevdpsoh1
Wdeoh 4:= Phdqv dqg vwdqgdug ghyldwlrqv ri wkh yduldeohv lqfoxghg lq wkh vdpsoh
xvhg lq hvwlpdwlrqv> prqhwdu| ydoxhv lq VHN +4<<: sulfhv gh dwhg e| wkh FSL,1
Wdeoh 4: uhsruwv phdqv dqg vwdqgdug huuruv ri prvw ri wkh yduldeohv lq0
foxghg1 Gxh wr vsdfh olplwdwlrqv zh kdyh h{foxghg ghvfulswlyh vwdwlvwlfv ri wkh
58 lqglfdwru yduldeohv iru wkh 58 frxqwlhv1
916 Hvwlpdwlrq Uhvxowv
Wkh uhvxowv iurp wkh surelw uhjuhvvlrq rq uhwluhphqw ghflvlrqv duh vkrzq lq
Wdeoh 4; iru phq dqg Wdeoh 4< iru zrphq1 Hdfk ri wkh wdeohv vkrzv vl{ glhuhqw
vshflfdwlrqv1 Wkh wkuhh phdvxuhv ri dffuxdo ghvfulehg lq Vhfwlrq 814 duh xvhg lq
88dowhuqdwlyh vshflfdwlrqv/ l1h1/ wkh rqh0|hdu ehqhw dffuxdo/ wkh shdn ydoxh dqg
wkh rswlrq ydoxh dffuxdo phdvxuhv uhvshfwlyho|1 Iru hdfk phdvxuh ri dffuxdo/
wkhuh lv rqh vshflfdwlrq zlwk d olqhdu djh yduldeoh +P4, dqg rqh zlwk lqglfdwru
yduldeohv iru hdfk rqh0|hdu djh jurxs +P5,1
Wr hydoxdwh wkh vshflfdwlrq ri prgho/ zh kdyh whvwhg iru mrlqw vljqlfdqfh ri
wkh pdlq jurxsv ri yduldeohv lqfoxghg/ l1h1/ wkh lqfhqwlyh yduldeohv/ wkh dgglwlrqdo
yduldeohv iru wkh zrunhuv* hfrqrplf vlwxdwlrq/ hgxfdwlrq ohyho/ vrflr0hfrqrplf
jurxs/ idplo| lqfrph/ dqg frxqw| ri uhvlghqfh1 Wkh uhvxowv vkrz wkdw doo wkhvh
jurxsv duh vljqlfdqwo| glhuhqw iurp }hur/ rq wkh yh shufhqw ohyho/ lq doo
vshflfdwlrqv1
Zh hvwlpdwhg wkh sdudphwhuv lq wkh rswlrq ydoxh phdvxuh e| d julg vhdufk/
zkhuh wkh pd{lpxp ri wkh orj olnholkrrg iurp wkh P5 prgho zdv xvhg dv d ydoxh
ixqfwlrq1 Dowkrxjk wkh orj olnholkrrg ixqfwlrq iru phq zdv vkrzq wr eh yhu|
 dw zlwk uhvshfw wr /dp d { l p x pz d vi r x q gd w @3 =<9>@3 =93> dqg n @
7=6= Wkhvh sdudphwhu ydoxhv zhuh wkhq xvhg wr rewdlq wkh hvwlpdwhv suhvhqwhg
lq Wdeoh 4;1 Krzhyhu/ zh dovr hvwlpdwhg wkh prgho xvlqj dssur{lpdwho| wkh
sdudphwhu ydoxhv rewdlqhg e| Vwrfn dqg Zlvh +4<<3,/ l1h1/  @3 =<:>@3 =:8>
dqg n @4 =58= Wkhvh ydoxhv jdyh vpdoohu frh!flhqw hvwlpdwhv iru wkh rswlrq
ydoxh yduldeoh +frh!flhqw2439 dw 08195 +081:7, iru wkh P4 dqg 081<; +09153, iru
wkh P5 vshflfdwlrq/ uhvshfwlyho|,/ exw voljkwo| odujhu iru wkh VVZ yduldeoh
+frh!flhqw2439 dw 3146 +5164, iru wkh P4 dqg 313< +418:, iru wkh P5 vshflfdwlrq
uhvshfwlyho|,1
Iru wkh ihpdoh vxevdpsoh/ wkh julg vhdufk glg qrw uhvxow lq dq| pd{lpxp
vlqfh wkh orj olnholkrrg ixqfwlrq zdv ghfuhdvlqj lq n lq wkh shuplwwhg uhjlrq ri
ydoxhv iru n1I r uw k hh v w l p d w h vu h s r u w h gl qW d e o h4 <z hx v h g @3 =<:>@3 =:8>
89Dffuxdo Shdn ydoxh Rswlrq ydoxh
P4 P5 P4 P5 P4 P5
DFFU2439 03154 03138 031:7 0317; 06;1:3 088153
+0513;, +03184, +0;189, +09174, +0:1<4, +43158,
4 ploolrq fkdqjh 03135 03134 03138 03138 051;8 0714;
VVZ2439 3164 3163 318: 3173 3144 3138
+9186, +9154, +614<, +;18<, +5147, +3143,
4 ploolrq fkdqjh 3135 3135 3134 3134 3134 3134
Olihwlph hduqlqjv 04177 04139 04168 04143 031<4 0318;
+04133, +031:6, +031<8, +031::, +03198, +03174,
Olihwlph hduqlqjv5 3136 3134 313< 313: 313; 313<
+3175, +314:, +4157, +4137, +4137, +414;,
Suhglfwhg hduqlqjv 03199 31:7 5177 517; 516: 614;
+3175, +3179, +4187, +4189, +4183, +5133,
Suhglfwhg hduqlqjv5 0313: 0313: 0313; 0313< 0313; 03143
+04197, +041:5, +05149, +0515:, +0513;, +0516;,
Olihwlph-Suhglfwhg 3149 3147 03135 03136 03137 03147
+4143, +31<<, +0314<, +03154, +03163, +031<5,
+Olihwlph-Suhglfwhg,5 03134 03134 03134 03134 03134 3134
+04197, +0416;, +03183, +03166, +03159, +3179,
Hgxfdwlrq5 3154 3153 3154 3154 3153 3154
+9189, +917<, +9198, +918<, +9193, +9187,
Hgxfdwlrq6 314< 314< 314< 314< 314< 3153
+44186, +44163, +441:4, +4417<, +441:6, +4419:,
Hgxfdwlrq7 3147 3146 3147 3147 3147 3149
+91::, +9197, +:156, +:145, +:157, +:173,
Hgxfdwlrq8 3145 3144 3146 3145 3146 3147
+71:8, +717;, +8156, +71<8, +8158, +8155,
Hgxfdwlrq9 313: 313: 313< 313< 313< 3143
+519:, +5197, +6168, +6164, +6168, +618;,
Rffxsdwlrq5 03148 03147 03147 03146 03146 03145
+0;196, +0;14;, +0;13;, +0:19:, +0:1;9, +0:147,
Rffxsdwlrq6 3135 3135 3135 3135 3135 3136
+413<, +4154, +414;, +415:, +4165, +4183,
Rffxsdwlrq7 03154 03154 03147 03148 03148 03146
+0<16<, +0<178, +09154, +09183, +09199, +08197,
Djh 3146 3146 3145
+7;1<5, +7;1<<, +6:1<:,
Pduulhg 0313: 0313: 03138 03138 03135 03134
+0417:, +04195, +04143, +04159, +0317;, +0313;,
Olihwlph hduq1/vsrxvh 3136 3136 3135 3136 3135 3136
+5186, +51;;, +5189, +51<4, +5159, +5187,
Olihwlph hduq1/vsrxvh5 03134 03134 03134 03134 03134 03134
+05195, +051<:, +05197, +051<<, +05166, +05193,
VVZ/vsrxvh2439 3136 3136 3136 3136 3136 3136
+5156, +5163, +514;, +5159, +513<, +5146,
Lqglfdwruv iru djh Qr \hv Qr \hv Qr \hv
Lqglfdwruv iru frxqwlhv \hv \hv \hv \hv \hv \hv
Svhxgr U5 3148:7 314:<; 3148<7 314;48 3148;: 314;56
Oq O 056 <43 056 5:7 056 ;85 056 559 056 ;:6 056 537
Wdeoh 4;= Uhvxowv iurp surelw uhjuhvvlrqv rq lqglylgxdo uhwluhphqw ghflvlrq> phq
+48 94< lqglylgxdov dqg 45: 6<3 revhuydwlrqv,1
8:Dffuxdo Shdn ydoxh Rswlrq ydoxh
P4 P5 P4 P5 P4 P5
DFFU2439 031:5 03139 04134 031;3 05:14 05:1:
+071:9, +03173, +043194, +0;16;, +05617:, +05718:,
4 ploolrq fkdqjh 03139 03138 0313; 0313: 041<8 05146
VVZ2439 3165 3168 3144 3149 031:5 031:9
+:19:, +;137, +5167, +6165, +04416;, +044195,
4 ploolrq fkdqjh 3135 3136 3134 3134 03138 03139
Olihwlph hduqlqjv 081; 08175 0718< 0716< 06154 051<3
+06147, +051;5, +0516:, +05153, +0418;, +0416:,
Olihwlph hduqlqjv5 3169 3163 316< 3167 318< 318:
+718:, +619<, +71;<, +7143, +9173, +81;;,
Suhglfwhg hduqlqjv 71:4 71;8 9188 917: ;159 ;1:7
+51;7, +51;3, +61;3, +6194, +71:6, +719<,
Suhglfwhg hduqlqjv5 03153 03156 03155 03157 03145 03148
+06148, +06164, +06177, +06186, +05159, +05177,
Olihwlph-Suhglfwhg 313: 3144 0314< 03146 031:< 031;4
+3174, +3194, +0413<, +0319:, +07167, +0714;,
+Olihwlph-Suhglfwhg,5 03133 03133 03133 0313 3133 3133
+04186, +04168, +03153, +03155, +5135, +514<,
Hgxfdwlrq5 3138 3137 3138 3137 313; 313:
+5154, +41:5, +5155, +41:8, +6135, +518:,
Hgxfdwlrq6 313: 3139 313: 3139 313; 313;
+7139, +61::, +7147, +61;:, +71<8, +71:9,
Hgxfdwlrq7 3139 3138 3139 3138 313< 313;
+41<;, +417;, +41;<, +4176, +6134, +517;,
Hgxfdwlrq8 03134 03134 03134 3134 3136 3136
+03158, +03163, +03157, +3153, +414:, +415;,
Hgxfdwlrq9 0313< 03144 03139 0313; 03137 03138
+06158, +06197, +05135, +05184, +04164, +04178,
Rffxsdwlrq5 03144 03143 03146 03145 03135 03134
+071<8, +07179, +081:6, +08153, +031;9, +03195,
Rffxsdwlrq6 03137 03136 03138 03137 03134 03134
+04198, +04154, +0516;, +041<4, +0318;, +03167,
Rffxsdwlrq7 03147 03147 03139 0313: 03146 03145
+0:183, +0:17<, +051<6, +0616<, +091::, +0914;,
Djh 3148 3148 313<
+8:149, +881;3, +5716;,
Pduulhg 315; 3163 315; 3163 3168 316;
+7185, +7197, +7178, +719:, +8179, +81:5,
Olihwlph hduq1/vsrxvh 3133 3133 3133 03133 3133 3133
+3154, +3136, +3138, +03143, +3158, +3139,
Olihwlph hduq1/vsrxvh5 03133 03133 03133 03133 03133 03133
+03195, +03177, +03178, +03163, +031:3, +03183,
VVZ/vsrxvh2439 03135 03135 03135 03135 03136 03136
+04147, +0415:, +04158, +04167, +04187, +0419:,
Lqglfdwruv iru djh Qr \hv Qr \hv Qr \hv
Lqglfdwruv iru frxqwlhv \hv \hv \hv \hv \hv \hv
Svhxgr U5 314:6< 314<:9 314:94 314<<6 314;8< 315443
Oq O 056 856 055 ;7: 056 793 055 :<< 056 4;4 055 79:
Wdeoh 4<= Uhvxowv iurp surelw uhjuhvvlrqv rq lqglylgxdo uhwluhphqw ghflvlrq>
zrphq +47 ;53 lqglylgxdov dqg 456 <:< revhuydwlrqv,1
8;dqg n @4 =58=
Wkh prvw lpsruwdqw uhvxow iurp wkh hvwlpdwhv lv wkdw hfrqrplf lqfhqwlyhv
vhhp wr pdwwhu iru uhwluhphqw ehkdylru= wkh frh!flhqwv iru wkh vrfldo vhfxulw|
zhdowk yduldeoh duh lq jhqhudo vljqlfdqwo| srvlwlyh dqg wkrvh iru wkh glhuhqw
dffuxdo phdvxuhv duh/ dv h{shfwhg/ vljqlfdqwo| qhjdwlyh1 Wkh pdjqlwxgh ri
wkh hhfw lv vwloo dq rshq txhvwlrq/ krzhyhu1 Dffruglqj wr wkh uhvxowv ri wkh
lpsolhg suredelolw| hhfw ri fkdqjlqj wkh lqfhqwlyh phdvxuh e| VHN 4 ploolrq/
wkh hhfw dsshduv wr eh yhu| vpdoo1 Lw vkrxog eh nhsw lq plqg/ krzhyhu/ wkdw
dv lv hylghqw iurp Wdeoh 4:/ wkh dyhudjh suredelolw| ri uhwluhphqw lv idluo| orz
lq wkh vdpsoh +31388 iru phq dqg 31393 iru zrphq,/ l1h1/ dq lpsolhg suredelo0
lw| hhfw ri 3136 fruuhvsrqgv wr derxw d 83 shufhqw lqfuhdvh lq uhwluhphqw1 Wr
jdlq d ehwwhu xqghuvwdqglqj ri wkh lpsolfdwlrqv iru wkh pdjqlwxgh ri wkh hi0
ihfwv ri hfrqrplf lqfhqwlyhv iurp wkh hvwlpdwhv/ zh vlpxodwhg wkh hhfwv ri wzr
k|srwkhwlfdo uhirupv> fi1 Vhfwlrq :1
Lw lv hylghqw iurp wkh uhvxowv wkdw wkh iruzdug orrnlqj lqfhqwlyh phdvxuhv/
shdn ydoxh dqg rswlrq ydoxh/ zrun ehwwhu wkdq wkh ehqhw dffuxdo phdvxuh1
Wkh ehqhw dffuxdo frh!flhqw lv rqo| vljqlfdqwo| glhuhqw iurp }hur/ rq d yh
shufhqw ohyho/ iru zrphq zlwk wkh olqhdu vshflfdwlrq lq djh1 Krzhyhu/ dovr iru
wklv vshflfdwlrq/ wkh orj olnholkrrg ydoxhv duh odujhu iru wkh prghov zlwk wkh
shdn ydoxh dqg rswlrq ydoxh phdvxuhv/ uhvshfwlyho|1 Frqvlghulqj wkh ghvljq ri
pdq| ri wkh shqvlrq vfkhphv/ h1j1 wkh VWS vfkhph zkhuh wkuhh |hduv ri hduqlqjv
ehwzhhq djhv 88 dqg 8< duh uhtxluhg wr eh holjleoh iru dq| shqvlrq dw doo/ wklv
rxwfrph zdv h{shfwhg1
Wkhuh lv qr xqdpeljxrxv udqnlqj ehwzhhq wkh shdn ydoxh dqg wkh rswlrq
ydoxh phdvxuhv= wkh orj olnholkrrg iru wkh rswlrq ydoxh vshflfdwlrq lv kljkhu
8<Age
 Actual  Benefit accrual
 Peak value  Option value
52 55 60 65 69
0
.75
Iljxuh 6= Wkh lpsolhg suredelolw| hhfw ri wkh djh gxpplhv iurp wkh P5 vshfl0
fdwlrq zlwk glhuhqw lqfhqwlyh phdvxuhv dorqj zlwk wkh dfwxdo kd}dug udwh rxw
ri wkh oderu irufh e| djh> phq1
lq wkh pdoh vxevdpsoh iru wkh P5 vshflfdwlrq/ exw orzhu iru wkh P4 vshfl0
fdwlrq dqg lq wkh ihpdoh vxevdpsoh1 Lq wkh ihpdoh vxevdpsoh/ wkh phdvxuh ri
vrfldo vhfxulw| zhdowk wdnhv dq xqh{shfwhg/ qhjdwlyh vljq zkhq wkh rswlrq ydoxh
lqfhqwlyh phdvxuh lv xvhg1
Dqrwkhu lvvxh wkdw frxog qrw eh uhvroyhg rq wkh edvlv ri wkh uhvxowv uhsruwhg
lq Wdeohv 4; dqg 4< dorqh lv wkh h{whqw wr zklfk wkh hfrqrplf lqfhqwlyh phdvxuhv
fdswxuh wkh revhuyhg sdwwhuq ri uhwluhphqw ehkdylru1 Iljxuhv 6 dqg 7 vkrz wkh
lpsolhg suredelolw| hhfw ri wkh djh lqglfdwru yduldeohv/ dorqj zlwk wkh dfwxdo
kd}dug udwh rxw ri wkh oderu irufh/ e| djh iru wkh pdoh dqg ihpdoh vxevdpsohv/
uhvshfwlyho|1 Rxu lqwhusuhwdwlrq ri wklv uhvxow lv wkdw wkh hfrqrplf lqfhqwlyh
phdvxuhv gr qrw ixoo| fdswxuh wkh djh sdwwhuq ri uhwluhphqw1 Wkh vslnh dw djh
98 whoov xv wkdw froohfwlyh djuhhphqwv rq uhwluhphqw djhv/ dv ghvfulehg lq Vhfwlrq
518/ suredeo| kdyh frqvlghudeoh lq xhqfh rq uhwluhphqw ehkdylru1
93Age
 Actual  Benefit accrual
 Peak value  Option value
52 55 60 65 69
-.0025
.85
Iljxuh 7= Wkh lpsolhg suredelolw| hhfw ri wkh djh gxpplhv iurp wkh P5 vshfl0
fdwlrq zlwk glhuhqw lqfhqwlyh phdvxuhv dorqj zlwk wkh dfwxdo kd}dug udwh rxw
ri wkh oderu irufh e| djh> zrphq1
: Vlpxodwlrqv
Wr hydoxdwh wkh lpsolfdwlrqv ri wkh hvwlpdwhv/ zh vlpxodwhg wkh hhfwv ri wzr
k|srwkhwlfdo srolf| uhirupv rq oderu irufh sduwlflsdwlrq1 Iru wkh pdoh vxevdp0
soh/ doo wkuhh phdvxuhv ri dffuxdo zhuh xvhg lq wkh vlpxodwlrqv/ zkhuhdv zh rqo|
xvh rqh phdvxuh iru wkh ihpdoh vxevdpsoh1 Vlqfh zh zhuh qrw deoh wr hvwlpdwh
wkh sdudphwhuv lq wkh rswlrq ydoxh phdvxuh iru ihpdohv/ zh xvhg wkh shdn ydoxh
phdvxuh1
Lq wkh uvw srolf| uhirup/ wkh djh ri holjlelolw| iru doo surjudpv lv ghod|hg e|
wkuhh |hduv1 Wkdw lv/ wkh vwdwh rog djh shqvlrq/ dv zhoo dv wkh rffxsdwlrqdo shq0
vlrq surjudpv/ frxog eh fodlphg iurp djh 96 udwkhu wkdq djh 931 Wkh dfwxduldo
dgmxvwphqwv ri shqvlrq ohyhov/ zlwklq erwk wkh sxeolf dqg rffxsdwlrqdo shqvlrq
v|vwhpv/ ghsduw iurp djh 9; udwkhu wkdq 981 Pruhryhu/ dffhvv wr oderu pdunhw
lqvxudqfh +GL/ VL dqg XL, lv ghod|hg e| wkuhh |hduv1 Wkh surelw uhjuhvvlrq prgho
94iru suredelolw| ri lqvxudqfh holjlelolw| zdv xvhg wr suhglfw holjlelolw| suredelolwlhv
xqghu wklv srolf| uhirup1
Lq wkh vhfrqg uhirup/ wkh hqwluh lqfrph vhfxulw| surjudp +wkh vwdwh rog0
djh shqvlrq/ rffxsdwlrqdo shqvlrqv dqg oderu pdunhw lqvxudqfh, lv uhsodfhg e|
d k|srwkhwlfdo frpprq shqvlrq vfkhph1 Wklv vfkhph uhsodfhv 93 shufhqw ri
suhglfwhg hduqlqjv49 dw djh 93 li lw lv fodlphg dw wkh qrupdo uhwluhphqw djh ri
981 Wkh shqvlrq frxog eh fodlphg iurp djh 93 dqg ghod|hg xqwlo djh :31 Wkhuh
lv d vl{ shufhqw dfwxduldo uhgxfwlrq iru hdfk |hdu ri uhwluhphqw ehiruh djh 98 dqg
d vl{ shufhqw lqfuhdvh iru hdfk |hdu uhwluhphqw lv ghod|hg diwhu djh 981 Vlqfh
wkhuh lv qr oderu pdunhw lqvxudqfh/ d zrunhu zkr ghflghv wr uhwluh ehiruh djh 93
uhfhlyhv qr lqfrph xqwlo djh 931
Iljxuhv 8 dqg 9 frpsduhv wkh vdpsoh phgldq vrfldo vhfxulw| zhdowk e| djh/
xqghu wkh wkuhh srolf| dowhuqdwlyhv= wkh dfwxdo dqg wkh wzr k|srwkhwlfdo srolflhv
iru pdohv dqg ihpdohv uhvshfwlyho|1 Iru pdohv/ lw fdq eh vhhq wkdw wkhuh lv
d vxevwdqwldo glhuhqfh ehwzhhq wkh dfwxdo v|vwhp dqg wkh wzr k|srwkhwlfdo
vfkhphv1 Dw djh 93/ wkh VVZ lv derxw 53 shufhqw orzhu xqghu srolf| dowhuqdwlyh
4 dqg derxw 43 shufhqw orzhu xqghu srolf| dowhuqdwlyh 51 Dv uhjdugv srolf|
dowhuqdwlyh 4/ wklv glhuhqfh lv gxh wr ghod|lqj ri doo ehqhwv dqg lq wkh fdvh ri
wkh vhfrqg srolf| dowhuqdwlyh gxh wr wkh derolwlrq ri oderu pdunhw lqvxudqfh dqg
d uhgxfwlrq lq uhsodfhphqw udwhv1
Iru ihpdohv/ Iljxuh 9 vkrzv wkdw wkh phgldq vrfldo vhfxulw| zhdowk lv kljkhu
xqghu wkh vhfrqg srolf| dowhuqdwlyh iru doo djhv1 Wkh prvw olnho| h{sodqdwlrq
wr wklv rxwfrph lv wkdw/ vlqfh wkh shqvlrq lqfrph lv ghwhuplqhg e| suhglfwhg
hduqlqjv dw djh 93/ wkhuh lv qr uhgxfwlrq iru ehlqj whpsrudulo| rxw ri wkh oderu
49Zh xvh wkh vwudwhj| iru suhglfwlqj ixwxuh hduqlqjv ghvfulehg lq Vhfwlrq 81
95irufh ehiruh djh 93/ dv wkhuh lv lq wkh dfwxdo v|vwhp1 Iru erwk pdohv dqg ih0
pdohv/ doo glhuhqfhv duh frxqwhudfwhg e| surjuhvvlyh lqfrph wd{hv dqg krxvlqj
doorzdqfhv1
Iljxuhv : wr 43 vkrz wkh wkuhh dowhuqdwlyh phdvxuhv ri dffuxdo e| djh xqghu
wkh glhuhqw srolf| dowhuqdwlyhv1 Iljxuh : vkrzv wkdw wkhuh duh wzr vslnhv lq wkh
ehqhw dffuxdo ri zrunlqj= wkh uvw rqh lv iru zrunlqj gxulqj rqh*v 8:wk |hdu
xqghu wkh dfwxdo v|vwhp +gxh wr wkh uxohv lq wkh rffxsdwlrqdo shqvlrq vfkhph
iru eoxh0froodu zrunhuv, dqg wkh vhfrqg rqh lv iru zrunlqj gxulqj rqh*v 8:wk |hdu
+gxh wr wkh uxoh wkdw shqvlrq ehqhwv frxog qrw eh fodlphg xqwlo djh 93,1 Xqghu
wkh uvw srolf| dowhuqdwlyh/ wkhvh vslnhv duh ghod|hg e| wkuhh |hduv xqghu wkh uvw
srolf| dowhuqdwlyh dqg duh hqwluho| uhpryhg xqghu wkh vhfrqg srolf| dowhuqdwlyh1
Lw fdq dovr eh vhhq wkdw ehqhw dffuxdo lv }hur xs wr djh 93 xqghu wkh vhfrqg
srolf| dowhuqdwlyh/ vlqfh hduqlqjv ehiruh djh 93 gr qrw dhfw wkh ehqhw diwhu
uhwluhphqw xqghu wklv srolf| dowhuqdwlyh1 Wkh vl{ shufhqw dfwxduldo dgmxvwphqw
xqghu wkh vhfrqg srolf| dowhuqdwlyh lv qrw hqrxjk wr jhqhudwh srvlwlyh ehqhw
dffuxdo diwhu djh 8<1
Wkh shdn ydoxh phdvxuhv xqghu wkh glhuhqw srolf| dowhuqdwlyhv/ vkrzq lq
Iljxuh ; iru phq dqg Iljxuh < iru zrphq/ dovr uh hfw wkh sduwlfxoduv ri hdfk
srolf|= wkh idoo lq shdn ydoxh/ gxh wr wkh uxohv lq wkh eoxh0froodu zrunhu shqvlrq
vfkhph/ lv ghod|hg e| wkuhh |hduv xqghu wkh uvw srolf| dowhuqdwlyh/ zkloh wkh
shdn ydoxh xqghu wkh vhfrqg srolf| dowhuqdwlyh lv frqvwdqw xs wr djh 931
Wkh phgldq rswlrq ydoxh phdvxuh lq Iljxuh 43 vkrzv d pdunhg glhuhqfh
ehwzhhq wkh uvw srolf| dowhuqdwlyh rq rqh kdqg/ dqg wkh dfwxdo v|vwhp dqg wkh
vhfrqg srolf| dowhuqdwlyh rq wkh rwkhu1 Wkh rswlrq ydoxh ri qrw uhwlulqj lv/ ri





 Base SSW  P1 SSW
 P2 SSW
55 60 65 70
800000
1.6e+06
Iljxuh 8= Phgldq vrfldo vhfxulw| zhdowk> dfwxdo dqg vlpxodwhg xqghu srolf|





 Base SSW  P1 SSW
 P2 SSW
55 60 65 70
650000
1.2e+06
Iljxuh 9= Phgldq vrfldo vhfxulw| zhdowk> dfwxdo dqg vlpxodwhg xqghu srolf|





 Base Accrual  P1 Accrual
 P2 Accrual
55 60 65 69
-77000
47000
Iljxuh := Phgldq ehqhw dffuxdo> dfwxdo dqg vlpxodwhg xqghu srolf| dowhuqdwlyhv
4 dqg 5/ uhvshfwlyho|> phq1
Zh fduulhg rxw wkuhh glhuhqw vlpxodwlrqv iru hdfk srolf| fkdqjh1 Wkh uvw
vlpxodwlrq/ V4/ xvhg wkh prgho zlwk wkh olqhdu vshflfdwlrq lq djh +P4,1 Wkh
vhfrqg/ V5/ xvhg wkh prgho zlwk djh gxpplhv +P5, zlwkrxw fkdqjlqj dq|wklqj
h{fhsw wkh phdvxuhv ri hfrqrplf lqfhqwlyhv dffruglqj wr wkh wzr sursrvhg sro0
lf| fkdqjhv1 Wkh vshflfdwlrq zlwk lqglfdwru yduldeohv iru hdfk djh jurxs lv
olnho| wr eh ryhu0sdudphwhul}hg lq wkh vhqvh wkdw wkh hvwlpdwhg djh sdwwhuq ri
uhwluhphqw uh hfwv vrph ihdwxuhv ri wkh shqvlrq v|vwhp/ lq dgglwlrq wr yduldwlrqv
lq suhihuhqfhv iru ohlvxuh e| djh dqg lqvwlwxwlrqv rq wkh oderu pdunhw1 Wklv/ lq
wxuq/ lpsolhv wkdw wkh suhglfwhg hhfw ri d fkdqjh lq wkh vrfldo vhfxulw| v|vwhp
lv xqghuhvwlpdwhg1 Zh wkhuhiruh xvhg wkh rxwfrph iurp wklv vlpxodwlrq dv d
orzhu erxqg1
Lq wkh wklug vlpxodwlrq/ V6/ zh djdlq xvhg wkh P5 prgho/ exw khuh/ iru wkh





 Base Peak value  P1 Peak value
 P2 Peak value
55 60 65 69
-77000
120000
Iljxuh ;= Phgldq shdn ydoxh> dfwxdo dqg vlpxodwhg xqghu srolf| dowhuqdwlyhv 4





 Base Peak value  P1 Peak value
 P2 Peak value
55 60 65 70
-50000
130000
Iljxuh <= Phgldq shdn ydoxh1 Dfwxdo dqg vlpxodwhg xqghu srolf| dowhuqdwlyh 4





 Base Option value  P1 Option value
 P2 Option value
55 60 65 69
-850
7300
Iljxuh 43= Phgldq rswlrq ydoxh> dfwxdo dqg vlpxodwhg xqghu srolf| dowhuqdwlyhv
4 dqg 5/ uhvshfwlyho|> phq1
dgglwlrq wr wkh fkdqjhv grqh lq V51 Wklv surfhgxuh fruuhvsrqgv wr wkh +xquhdo0
lvwlf, dvvxpswlrq wkdw wkh hqwluh djh sdwwhuq ri uhwluhphqw ehkdylru hvwlpdwhg
e| wkh djh lqglfdwru yduldeohv lv ghwhuplqhg e| wkh vrfldo vhfxulw| v|vwhp1 Zh
xvh wklv vlpxodwlrq dv dq xsshu erxqg rq wkh suhglfwhg rxwfrph1 Iru wkh vhf0
rqg srolf| dowhuqdwlyh/ wkh djhv iru hduo| dqg qrupdo uhwluhphqw frlqflgh zlwk
wkrvh lq wkh dfwxdo Vzhglvk v|vwhp1 Wklv phdqv wkdw wkh V5 dqg V6 vlpxodwlrqv
frlqflgh1
Vlqfh zh xvhg wkuhh glhuhqw phdvxuhv ri dffuxdo iru hdfk ri wkh wkuhh vlp0
xodwlrqv lq wkh pdoh vxevdpsoh/ dqg rqo| shdn ydoxh lq wkh ihpdoh vxevdpsoh/
wkhuh duh qlqh vlpxodwlrqv iru phq dqg wkuhh iru zrphq1 Zh suhvhqw wkuhh glhu0
hqw rxwfrphv iurp wkh vlpxodwlrqv1 Iluvw/ Wdeoh 53 vkrzv wkh suhglfwhg dyhudjh
uhwluhphqw udwh dqg djh iru hdfk srolf| dowhuqdwlyh dqg hdfk vlpxodwlrq1 Iljxuhv
44 0 67 vkrz suhglfwhg kd}dug udwhv rxw ri wkh oderu irufh dqg fxpxodwlyh glvwul0
9:Prgho Edvholqh Srolf| 4 Srolf| 5
Uhwluhphqw Uhwluhphqw Uhwluhphqw Uhwluhphqw Uhwluhphqw Uhwluhphqw
Udwh Djh Udwh Djh Udwh Djh
Phq
V4 dqg ehqh￿w dffuxdo 3138;9 95193 313859 951<< 313894 951:8
V5 dqg ehqh￿w dffuxdo 3138;: 9518< 313865 951<7 313896 951:6
V6 dqg ehqh￿w dffuxdo 3138;: 9518< 313596 9814; 313896 951:6
V4 dqg shdn ydoxh 3138;9 95193 313875 951;9 3138<; 95183
V5 dqg shdn ydoxh 3138;: 9518< 31387: 951;6 3138<: 95183
V6 dqg shdn ydoxh 3138;: 9518< 3135:9 98136 3138<: 95183
V4 dqg rswlrq ydoxh 3138;9 9518< 313843 96145 3138:5 951:5
V5 dqg rswlrq ydoxh 3138;: 9518< 313844 9613; 3138:; 9519:
V6 dqg rswlrq ydoxh 3138;: 9518< 3135;3 971<< 3138:; 9519:
Zrphq
V4 dqg shdn ydoxh 31395; 941<; 3138;6 95153 3139<; 94189
V5 dqg shdn ydoxh 31395: 941<8 3138;9 95149 3139;< 9418:
V6 dqg shdn ydoxh 31395: 941<8 3135:7 9717< 3139;< 9418:
Qrwh= Vlqh zrunhuv roghu wkdq djh :3 duh qrw lqfoxghg lq wkh gdwd/ zh vhw wkh kd}dug udwh dw
djh :3 wr rqh +433 shufhqw,1
Wdeoh 53= Dyhudjh uhwluhphqw udwhv dqg uhwluhphqw djhv lq vlpxodwlrqv1
exwlrq ixqfwlrqv ri uhwluhphqw e| djh1 Hdfk jxuh vkrzv wkuhh judskv= rqh iru
wkh prgho suhglfwlrq ri dfwxdo srolf| dqg rqh iru hdfk ri wkh srolf| dowhuqdwlyhv/
uhvshfwlyho|1
Lw lv hylghqw iurp Wdeoh 53 dqg wkh jxuhv wkdw doo prghov suhglfw wkh odujhvw
hhfw rq uhwluhphqw ehkdylru iurp wkh uvw srolf| dowhuqdwlyh1 Wklv uhvxow dovr
dssolhv wr wkh ihpdoh vxevdpsoh/ dowkrxjk wkh hhfw lv vpdoohu= Wdeoh 53 vkrzv
wkdw lq suhglfwlrqv zkhuh wkh shdn ydoxh dffuxdo phdvxuh lv xvhg/ uhwluhphqw lv
ghod|hg e| rq dyhudjh durxqg 3158 |hduv lq wkh pdoh vxevdpsoh frpsduhg wr
durxqg 3154 |hduv lq wkh ihpdoh vxevdpsoh lq wkh V4 dqg V5 vlpxodwlrqv1
Wkh glhuhqfh ehwzhhq V5 dqg V6/ d phdvxuh ri wkh xqfhuwdlqw| lq wkh suh0
glfwlrqv/ lv pdujlqdoo| odujhu iru zrphq/ 5166 |hduv frpsduhg wr 5153 iru phq/
xvlqj wkh shdn ydoxh dffuxdo phdvxuh1 Wklv glhuhqfh glhuv ehwzhhq glhuhqw
dffuxdo phdvxuhv= 41<4 iru wkh rswlrq ydoxh phdvxuh frpsduhg wr 5157 iru wkh
9;vlpsoh rqh0|hdu dffuxdo lq VVZ1 Vlqfh wkh rqh0|hdu djh jurxs gxpp| ydul0
deohv uh hfw xqphdvxuhg ihdwxuhv ri wkh lqfrph vhfxulw| v|vwhp/ lq dgglwlrq wr
fkdqjhv lq suhihuhqfhv iru ohlvxuh e| djh dqg hhfwv ri lqvwlwxwlrqv rq wkh oderu
pdunhw/ dq lqwhusuhwdwlrq ri wklv uhvxow frxog eh wkdw wkh rswlrq ydoxh phdvxuh
grhv d ehwwhu mre ri phdvxulqj hfrqrplf lqfhqwlyhv ri wkh lqfrph vhfxulw| v|vwhp
dv frpsduhg wr wkh rwkhu wzr phdvxuhv ri dffuxdo1
Dowkrxjk wkh xqfhuwdlqw| lq wkh suhglfwlrqv xvlqj wkh rswlrq ydoxh lv vpdoohu
dv frpsduhg wr wkh rwkhu wzr phdvxuhv ri dffuxdo/ wkh glhuhqfh ehwzhhq V5 dqg
V6 lv vwloo odujhu wkdq wkh 0 rq dyhudjh 0 derxw rqh kdoi |hdu ghod|hg uhwluhphqw/
zklfk lv suhglfwhg dv d orzhu erxqg rq wkh rxwfrph uhjduglqj uhwluhphqw eh0
kdylru iurp wklv srolf| uhirup1 Wklv phdqv wkdw wkhuh lv vwloo d odujh hohphqw ri
xqfhuwdlqw| lq wkh suhglfwlrqv iurp doo rxu prghov1 Jlyhq wkh vwulfw uhjxodwlrqv
rq qrupdo uhwluhphqw djh lq odujh duhdv ri wkh Vzhglvk oderu pdunhw/ dqg wkh
lpsdfw ri vrfldo qrupv/ lw lv xquhdolvwlf wr dwwulexwh doo wkh hhfw ri vkliwlqj
wkh rqh0|hdu djh jurxs gxpplhv wr xqphdvxuhg ihdwxuhv ri wkh lqfrph vhfxulw|
surjudpv1 Lw zrxog/ krzhyhu/ uhtxluh d vrphzkdw glhuhqw uhvhdufk vwudwhj| wr
rewdlq d pruh suhflvh hvwlpdwh ri wkh lpsdfw ri wkhvh idfwruv1
Iru wkh vhfrqg srolf| dowhuqdwlyh/ wkh hhfwv rq uhwluhphqw duh vpdoo/ dqg
dpeljxrxv zlwk uhvshfw wr dffuxdo phdvxuh lq wkh pdoh vxe vdpsoh1 Iljxuhv 8 0
43 vkrzhg wkdw zh pd| vxvshfw wkdw wkhuh duh frxqwhudfwlqj hhfwv= dw ohdvw wzr
ri wkh dffuxdo phdvxuhv +ehqhw dffuxdo dqg shdn ydoxh, duh odujhu ehiruh djh 93
xqghu wkh dfwxdo v|vwhp/ zklfk zloo zrun wrzdugv hduolhu uhwluhphqw xqghu wklv
srolf| dowhuqdwlyh/ zkloh Iljxuh 8 vkrzv wkdw wkh vrfldo vhfxulw| zhdowk lv orzhu
xqghu wkh vhfrqg srolf| dowhuqdwlyh/ zklfk zloo rq dyhudjh ghod| uhwluhphqw1
Lq wkh ihpdoh vxe vdpsoh wkhuh lv dq hhfw wrzdugv hduolhu uhwluhphqw xqghu
9<wkh vhfrqg srolf| dowhuqdwlyh1 Iljxuh 9 vkrzv wkdw wklv hhfwv lv olnho| wr eh
gxh wr wkh lqfuhdvh lq vrfldo vhfxulw| zhdowk iru zrphq xqghu wkh vhfrqg srolf|
dowhuqdwlyh1
:3Age
 Baseline  P1
 P2
55 60 65 69
0
.5
Iljxuh 44= Suhglfwhg kd}dug udwhv> V4 xvlqj ehqhw dffuxdo hvwlpdwhv> phq1
Age
 Base CDF  P1 CDF
 P2 CDF
55 60 65 69
0
1
Iljxuh 45= Suhglfwhg FGI> V4 xvlqj ehqhw dffuxdo hvwlpdwhv> phq1
:4Age
 Baseline  P1
 P2
55 60 65 69
0
.6
Iljxuh 46= Suhglfwhg kd}dug udwhv> V5 xvlqj ehqhw dffuxdo hvwlpdwhv> phq1
Age
 Base CDF  P1 CDF
 P2 CDF
55 60 65 69
0
1
Iljxuh 47= Suhglfwhg FGI> V5 xvlqj ehqhw dffuxdo hvwlpdwhv> phq1
:5Age
 Baseline  P1
 P2
55 60 65 69
0
.6
Iljxuh 48= Suhglfwhg kd}dug udwhv> V6 xvlqj ehqhw dffuxdo hvwlpdwhv> phq1
Age
 Base CDF  P1 CDF
 P2 CDF
55 60 65 69
0
1
Iljxuh 49= Suhglfwhg FGI> V6 xvlqj ehqhw dffuxdo hvwlpdwhv> phq1
:6Age
 Baseline  P1
 P2
55 60 65 69
0
.5
Iljxuh 4:= Suhglfwhg kd}dug udwh> V4 xvlqj shdn ydoxh hvwlpdwhv> phq1
Age
 Base CDF  P1 CDF
 P2 CDF
55 60 65 69
0
1
Iljxuh 4;= Suhglfwhg FGI> V4 xvlqj shdn ydoxh hvwlpdwhv> phq1
:7Age
 Baseline  P1
 P2
55 60 65 69
0
.6
Iljxuh 4<= Suhglfwhg kd}dug udwhv> V5 xvlqj shdn ydoxh hvwlpdwhv> phq1
Age
 Base CDF  P1 CDF
 P2 CDF
55 60 65 69
0
1
Iljxuh 53= Suhglfwhg FGI> V5 xvlqj shdn ydoxh hvwlpdwhv> phq1
:8Age
 Baseline  P1
 P2
55 60 65 69
0
.6
Iljxuh 54= Suhglfwhg kd}dug udwhv> V6 xvlqj shdn ydoxh hvwlpdwhv> phq1
Age
 Base CDF  P1 CDF
 P2 CDF
55 60 65 69
0
1
Iljxuh 55= Suhglfwhg FGI> V6 xvlqj shdn ydoxh hvwlpdwhv> phq1
:9Age
 Baseline  P1
 P2
55 60 65 69
0
.5
Iljxuh 56= Suhglfwhg kd}dug udwhv> V4 xvlqj rswlrq ydoxh hvwlpdwhv> phq1
Age
 Base CDF  P1 CDF
 P2 CDF
55 60 65 69
0
1
Iljxuh 57= Suhglfwhg FGI> V4 xvlqj rswlrq ydoxh hvwlpdwhv> phq1
::Age
 Baseline  P1
 P2
55 60 65 69
0
.6
Iljxuh 58= Suhglfwhg kd}dug udwhv> V5 xvlqj rswlrq ydoxh hvwlpdwhv> phq1
Age
 Base CDF  P1 CDF
 P2 CDF
55 60 65 69
0
1
Iljxuh 59= Suhglfwhg FGI> V5 xvlqj rswlrq ydoxh hvwlpdwhv> phq1
:;Age
 Baseline  P1
 P2
55 60 65 69
0
.6
Iljxuh 5:= Suhglfwhg kd}dug udwhv> V6 xvlqj rswlrq ydoxh hvwlpdwhv> phq1
Age
 Base CDF  P1 CDF
 P2 CDF
55 60 65 69
0
1
Iljxuh 5;= Suhglfwhg FGI> V6 xvlqj rswlrq ydoxh hvwlpdwhv> phq1
:<Age
 Baseline  P1
 P2
55 60 65 69
0
.6
Iljxuh 5<= Suhglfwhg kd}dug udwhv> V4 xvlqj shdn ydoxh hvwlpdwhv> zrphq1
Age
 Base_CDF  P1_CDF
 P2_CDF
55 60 65 69
0
1
Iljxuh 63= Suhglfwhg FGI> V4 xvlqj shdn ydoxh hvwlpdwhv> zrphq1
;3Age
 Baseline  P1
 P2
55 60 65 69
0
.75
Iljxuh 64= Suhglfwhg kd}dug udwhv> V5 xvlqj shdn ydoxh hvwlpdwhv> zrphq1
Age
 Base_CDF  P1_CDF
 P2_CDF
55 60 65 69
0
1
Iljxuh 65= Suhglfwhg FGI> V5 xvlqj shdn ydoxh hvwlpdwhv> zrphq1
;4Age
 Baseline  P1
 P2
55 60 65 69
0
.75
Iljxuh 66= Suhglfwhg kd}dug udwhv> V6 xvlqj shdn ydoxh hvwlpdwhv> zrphq1
Age
 Base_CDF  P1_CDF
 P2_CDF
55 60 65 69
0
1
Iljxuh 67= Suhglfwhg FGI> V6 xvlqj shdn ydoxh hvwlpdwhv> zrphq1
;5;F r q f o x v l r q v
Wkh uhvxowv ri wkh hfrqrphwulf dqdo|vlv lq rxu vwxg| vxssruw wkh qrwlrq wkdw
hfrqrplf lqfhqwlyhv pdwwhu iru wkh uhwluhphqw ghflvlrq1 Wkh sdudphwhu hvwlpdwhv
iru wkh hfrqrplf lqfhqwlyh yduldeohv zhuh lq jhqhudo vljqlfdqwo| glhuhqw iurp
}hur zlwk wkh h{shfwhg vljqv1 Wklv dqdo|vlv kdv dovr vkrzq wkdw iruzdug orrnlqj
dffuxdo phdvxuhv/ wkh shdn dqg rswlrq ydoxh phdvxuhv/ zrun ehwwhu wkdq wkh
rqh0|hdu ehqhw dffuxdo phdvxuh/ vlqfh wkh| jlyh d ehwwhu w wr wkh gdwd1
Rxu vlpxodwlrqv ri wzr k|srwkhwlfdo srolf| uhirupv vkrzhg wkdw wkhuh pljkw
eh d vxevwdqwldo hhfw rq oderu irufh sduwlflsdwlrq iurp fkdqjlqj wkh hfrqrplf
lqfhqwlyhv ri uhwluhphqw1 Krzhyhu/ wkhuh lv d odujh hohphqw ri xqfhuwdlqw| lq
vxfk suhglfwlrqv lq wkh vhqvh wkdw wkh orzhu erxqg rq wkh suhglfwlrqv/ zkhuh wkh
rqh0|hdu djh jurxs gxpplhv zhuh pdlqwdlqhg/ suhglfwhg pxfk orzhu oderu irufh
sduwlflsdwlrq udwhv frpsduhg wr wkh xsshu erxqg rq wkh suhglfwlrqv/ zkhuh wkh
djh gxpplhv zhuh vkliwhg e| wkuhh |hduv1 Wkh h{whqw wr zklfk wkh djh lqglfdwru
yduldeohv fdswxuh ihdwxuhv ri lqfrph vhfxulw| surjudpv zklfk duh xqphdvxuhg e|
wkh hfrqrplf lqfhqwlyh yduldeohv/ dqg2ru qrq0olqhdulwlhv lq suhihuhqfhv iru ohlvxuh
e| djh/ froohfwlyh djuhhphqwv rq qrupdo uhwluhphqw djhv rq wkh oderu pdunhw ru
vrfldo qrupv uhjduglqj uhwluhphqw/ lv dq rshq txhvwlrq 0 wr eh h{soruhg lq ixuwkhu
uhvhdufk1
Uhihuhqfhv
41 Durqvvrq/ Wkrpdv1 dqg Mdphv U1 Zdonhu +4<<:, Wkh hhfwv ri Vzhghq*v
zhoiduh vwdwh rq oderu vxsso| lqfhqwlyhv/ lq Ulfkdug E1 Iuhhpdq/ Elujlwwd
Vzhghqeruj dqg Urehuw Wrsho/ +hgv1,/ Wkh Zhoiduh Vwdwh lq Wudqvlwlrq/
Fklfdjr= Wkh Xqlyhuvlw| ri Fklfdjr Suhvv1
;651 Juxehu/ Mrqdwkdq dqg Gdylg D1 Zlvh +4<<<, Vrfldo Vhfxulw| dqg Uhwluh0
phqw Durxqg wkh Zruog/ Fklfdjr= Wkh Xqlyhuvlw| ri Fklfdjr Suhvv1
61 Kdqvvrq0Euxvhzlw}/ Xuedq +4<<5, Oderu vxsso| ri hoghuo| phq= Gr wd{hv
dqg shqvlrq v|vwhpv pdwwhuB/ Sk1G1 wkhvlv/ Ghsduwphqw ri Hfrqrplfv/
Xssvdod Xqlyhuvlw|1
71 Ndqjdv/ Rool dqg Mrdnlp Sdoph +4<;<, Sxeolf dqg sulydwh shqvlrqv= Wkh
Vfdqglqdyldq frxqwulhv lq d frpsdudwlyh shuvshfwlyh/ Zrunlqj Sdshu Qr
6/ Lqvwlwxwh iru Vrfldo Uhvhdufk/ Vwrfnkrop Xqlyhuvlw|1
81 Sdoph/ Pèuwhq dqg Lqjhpdu Vyhqvvrq +4<<<, Vrfldo vhfxulw|/ rffxsd0
w l r q d os h q v l r q vd q gu h w l u h p h q wl qV z h g h q  /l qM r q d w k d qJ u x e h ud q gG d y l g
D1 Zlvh +hgv1,/ Vrfldo Vhfxulw| dqg Uhwluhphqw Durxqg wkh Zruog1F k l f d j r =
Wkh Xqlyhuvlw| ri Fklfdjr Suhvv1
91 Vnrjpdq Wkrxuvlh/ Shwhu +4<<<, Glvdelolw| dqg zrun lq Vzhghq/ Sk1G1
wkhvlv1 Vzhglvk Lqvwlwxwh iru Vrfldo Uhvhdufk/ qr1 6</ Vwrfnkrop1
:1 Vwrfn/ Mdphv dqg Gdylg D1 Zlvh +4<<3, Shqvlrqv/ wkh rswlrq ydoxh ri
zrun/ dqg uhwluhphqw/ Hfrqrphwulfd 8;/ +8,= 4484044;31
;1 Vxqgìq/ Dqqlnd +4<<7, Hduo| uhwluhphqw lq wkh Vzhglvk shqvlrq v|vwhp/
Sk1G1 wkhvlv/ Ghsduwphqw ri Hfrqrplfv/ Fruqhoo Xqlyhuvlw|1
<1 Zdghqvmù/ Hvnlo +4<;<, Yduiùu kdu yl qrupdo shqvlrqvèoghuB/ lq Hvnlo
Zdghqvmù/ Ènh Gdkoehuj dqg Ehuwlo Kropoxqg +hgv1,/ Ylqjduqdv Wu|jjkhw1
Duehwvpdunqdg/ Hnrqrpl rfk Srolwln1 Oxqg= Gldorjrv1
431 Zdghqvmù/ H1 dqg Hgzdug H1 Sdophu +4<<9, Fxulqj wkh Gxwfk Glvhdvh
iurp d Vzhglvk Shuvshfwlyh/ lq Ohr M1 P1 Dduwv/ Ulfkdug Y1 Exunkdxvhu
;7dqg Sklols U1 gh Mrqj/ +hgv1,/ Fxulqj wkh Gxwfk Glvhdvh= Dq Lqwhuqdwlrqdo
Shuvshfwlyh rq Glvdelolw| Srolf| Uhirup1 Doghuvkrw= Dyhexu|1
;8